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INCIDENCE AND CHARACTEES OE VIBRIOS IN WATERS 

IN NORTHERN INDIA. 

BY 

CoLOXEL J. TAYLOR, m.d., p.p.h., i.m.s., 


AND 


Major M. L. AHUJA. m.d., d.p.h., i.m.s., 

Cholera Inquiry under the Indian Research Fund Association. 

{From the Central Research Institute, Kasauli.) 

[Received for publication, March 14, 1938.] 

The present investigation was undertaken for the purpose of determining 
the incidence of vibrios in waters and the characters of strains in areas where 
cholera is not endemic, the object being to throw light on the significance of 
vibrios of tj^pes other than tj'pical V. cholerce which are frequently isolated 
from human and other sources in endemic areas or in areas where cholera is 
epidemic. 

The earlier observations on vibrios in water in India which have been recorded 
were based on investigations made before adequate methods of differentiating the 
characters of strains were available. Later work, most of which was carried out 
in cholera areas, showed that vibrios of different tjqjes could be isolated from water 
but the general distribution of the vibrio group in water has not been the subject 
of any extensive study. It will be of interest to summarize certain of the previous 
work on the subject in India and the conclusions which have been based on the 
observations made during successive phases of cholera investigations. 

Previous inv’^estigations on vibrios in waters in India. 

Hankin (1895) took up this subject for the purpose of obtaining information 
as to the nature and significance of vibrios found in water, certain evidence 
obtained elsewhere having led to conflicting opinions. He quotes Metchnikoff 
Sanaxelli. and others as having found, at places where no cholera existed at the 
time, vibrios in water which were practically indistingui.shab]e from that of cholera. 
Large numbers of persons were seen to use such waters without developing cholera 
J, MR ( 1 ) 1 
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and the discoverers came to the conclusion that there existed in nature a number 
of harmless vibrios which could not be distinguished from the cholera vibrio bv 
the tests known at the time. It was therefore impossible to say whether water 
contained the microbes of cholera or merely a harmless vibrio showing similarity 
with it. The possibility that such strains were the true cholera vibrio in a state 
of degeneration had been suggested. 

In this investigation the tests which Hankin used for the cholera vibrio 
were apparently the formation of a pellicle in peptone water containing comma- 
shaped bacilli and pathogenicity on injection into guinea-pigs. The tests for 
indol and liquefaction of gelatin were also in use at the time. He examined 
numerous waters in the United Provinces, especially at times of pilgrimages vdien 
cholera outbreaks occurred. 

From wells and other water sources he isolated vibrios and found a much 
higher percentage to give positive results during and immediately after outbreaks 
of cholera than at other times. Hankin states that vibrios isolated when cholera 
was present were more highly pathogenic to guinea-pigs than those isolated under 
other circximstances. In summarizing his results he stated that microbes 
resembling that of cholera were rarely found except in places where cholera had 
recently existed, they were most virulent during an epidemic, and after the cessation 
of an epidemic they showed greatly diminished virulence for the guinea-pig. Those 
isolated after an epidemic also showed a diminished power of grooving in agar 
and he took this as an indication of diminished vitality and virulence. His 
conclusion was that such vibrios were nothing more than the cholera vibrio in 
a degenerated condition. 

Hafikine and Simpson (1895) took up similar lines of investigation in India 
at the same time and in their account of the work thej’' summarized the experience 
of observers in Europe and elsewhere on vibrios in water. Many differences in 
strains had been noted and D. D. Cunningham is quoted as finding wide differences 
in comma bacilli isolated from cholera cases as well as from water. 

Haffkine and Simpson carried out their work in Calcutta and its vicinity, the 
sources investigated being tanks, wells, drains, and the Eiver Hooghly. Vibrios 
were isolated from 91 per cent of tanks in the vicinity of whicli cholera existed 
and from only 18 per cent of those in which it had not been present for a month or 
more. They correlated the incidence of cholera with the presence of vibrios in 
tanlrs and expressed the opinion that ‘ in nature there appear to be no water 
commas except those connected with cholera, varying, as we found them, m their 
morphological and physiological and biological characters ’. 

At a later stage of cholera research when serological methods of diagnosis 
were available Greig (1915) undertook a fresh investigation into vibrios in tanks 
and other open water sources in Calcutta. He did not record the proportion of 
samples from which vibrios were successfully isolated but carried out a detailed 
serological examination of 39 strains. He was at the time_ using ag^utinating 
sera prepared against the whole vibrio and presumably containing both ‘ H -f ‘ O 
a<^"lutinins but" as noted by Gardner and Venkatraman (1935), the methods of 
tesl; emploved probably demonstrated the presence of different 0 antigens. 
Greia succeeded in classifying the majority of his strains in six serological groups 
differing from that of F. cJiolerce and a smaller number of Ins strains remained 
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unclassified with tlie sera used. His water strains were not agglutinated by sera 
prepared asainst certain strains (other than t^-pical V. cholera:) isolated from cholera 
cases. Greig {19M) records an instance of true Y. cholercB being found in the 
protected reservoir of the Calcutta water-supply, tbis being traced to a man 
engaged in collecting water samples who was a carrier. 

Gloster (1912) carried out an examination of water in Bombay City dming 
a short outbreak of cholera and came to the conclusion that the vibrios he isolated 
were not modified F. cholera:- 

Extensive work on this subject was carried out by Tomb and Maitra (1926, 
1927) during the course of an investigation into cholera in the Asansol Mining 
Settlement of Bengal. In this area tanks were extensively used for water-supply 
and they were frequently used for washing after defecation. During the cold 
weatheri.when cholera was absent from the .Settlement, vibrios were found to be 
practicaliv absent from the tanks but with the onset of cholera in March at the 
beginning" of the hot weather inagglutinable vibrios appeared in all tanks. These 
disappeared when the cholera enidemic subsided. MTien washing in a tank was 
prohibited the mbrios diminished in number and they disappeared in 12 to 14 
days. On three occasions only out of a very large number of examinations of tank 
water was the agglutinable vibrio isolated. In those cases contamination with 
cholera dejecta had occurred within 24 hours. 

Tomb and ilaitra infected the water of a tank with cholera stools containing 
the agglutinable vibrio and after 12 to 14 hours recovered only inagglutinable 
strains. Mlren cholera erdtures were added instead of infected feces recovery 
of the agglutinable strain was not made after 36 hours. They concluded that the 
vibrio had changed from the agglutinable to the inagglutinable form. Tomb and 
ilaitra also foimd that, while cholera convalescents did not discharge agglutinable 
vibrios for more than two to four weeks, 30 per cent of them became ‘ chronic 
carriers ’ of inagglutinable vibrios. On the basis of these observations on water 
and carriers they related the endemicity of cholera to the presence of carriers of 
inagglutinable strains. 

d'Herelle and Malone (1930) made a series of observations on the presence of 
vibrios in wells in the United Provinces and the Punjab. They found that vibrios 
were absent from wells in areas which had been free from cholera for a prolonged 
period. "Where cholera had been absent for two years a small proportion of. wells 
contained inagglutinable vibrios. In places in which cholera had recently occurred 
inagglutinable vibrios were found in a large proportion of well waters. ' 

Pasricha (1931) recorded the results of the examination of waters in Bengal 
where inagglutinable \-ibrios had been isolated from 59 out of 306 water samples. 
He found the incidence of vibrios to follow closely the incidence of cholera, these 
being most prevalent at the beginning of the cholera season. 

Saranjam Khan (1930) in the course of an investigation into the epidemiolocfy 
of cholera in the United Provinces, where the disease is not endemic but wh^e 
epidemics frequently occur on the introduction of infection from other areas, noted 
the presence of inagglutinable vibrios in numerous water sources. He did not 
record their percentage incidence or investigate their characters in detail, but as 
the result of his epidemiological observations he excluded the water -^dbrios from 
taking any part in the causation of cholera. 
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Present inquiry. 

In the course of an investigation into the characters of vibrios isolated from 
cases of clinical cholera, carriers, and water, the results of which have been reported 
by Taylor, Pandit and Bead (1937), the methods employed had enabled certain 
classifications to be made on the basis of ‘ 0 ’ serology and biochemical reactions. 
Numerous different ‘ 0 ’ serological types had been defined and a proportion of 
water vibrios had been placed in special serological groups. Vibrios from water 
had in some instances been found to be of the same t}T?es as strains other than 
typical F. cholerce^ of ‘ 0 ’ group I (Gardner and Venkatraman, loc. cit.) isolated 
from cases of clinical cholera or from healthy individuals. Amongst the strains 
examined was a series isolated from open water sources in Eajputana where 
cholera is not endemic and outbreaks seldom occur. Out of 83 sources examined 
59 yielded vibrios and some of them were agglutinated with the same special ‘ 0 ’ 
sera as strains from clinical cholera cases in Bengal. This incidence of vibrios 
was very much higher than had previously been found under similar circumstances 
in India and the finding that strains isolated appeared to be of similar type as those 
obtained from cholera cases suggested the advisabilit)’' of determining further the 
distribution of such strains in natural waters and especially their incidence under 
conditions where cholera contamination could be excluded. 


Technique. 

The method of examination emplojmd consisted of enrichment of large 
quantities of water with concentrated alkaline peptone solution followed by plating 
on Aronson’s medium. Enrichment was carried out in 10-ounce screw-capped 
medical flats (United Glass Bottles Manufacturers, Ltd.). Two hundred c.c. of 
the water sample under examination was collected in the bottle and 20 c.c. of 10 
per cent peptone and 5 per cent sodium chloride added. The reaction was raised 
to pH 9-0 by the addition of N/1 NaOH. As a rule 1-0 c.c. to TS c.c. was required ; 
thymol blue was used as the indicator. 

The procedme subsequently followed depended on the circumstances of 
collection. When collection was carried out by a member of the Institute staff 
during a tour for the purpose the bottle was kept overnight at room temperature 
which, at the time of the year the work was carried out, resulted in adequate growth, 
and in the morning 2 c.c. was transferred to a sealed ampoule and despatched by 
post to the Institute. If the officer was returning to Kasauli on the day of collec- 
tion the bottle was taken direct to Kasauli. In the case of samples collected for 
us by other laboratories at a distance enriclmient was carried out by them and 
capsules of the enriched material sent. Public Health Officers in the Punjab and 
United Provinces were supplied with sterile screw-capped bottles containing 20 c.c. 
of the concentrated alkaline peptone solution and after adding 200 c.c. of water 
to each bottle they despatched the whole bottle to the Institute. From material 
received under these conditions 2 c.c. was added to 10 c.c. of peptone water and 
after 6 hours’ incubation 1 drop was plated on Aronson’s medium. Our experience 
of this medium has been highly satisfactory. It has been found to inhibit satis- 
factorily the growth of co^i-group organisms and proteus, while yielding a growth 
of vibrios which is little less than that obtained on agar, provided the mediuin is 
used immediately after preparation. At the full strength of alkalimty recommended 
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in tlie original description of tlie medium tKere is some degree of restriction of 
growth of” vibrios but if the sodium carbonate used to produce a high degree of 
alkalinity is reduced to five-sixths of that recommended, there is little red-uction 
in the growth of vibrios, while coJi-group organisms are inhibited and few, if any, 
colonies oi 'proteus will develop and these will not be of the spreading type. Organ- 
isms of the cerogenes-grovcp will grow if the inoculum is heavy. 

Observations during the hot-weather and monsoon periods. 

The areas selected for the examination of waters were the districts of Ambala, 
Karnal, and Multan, in the Punjab, and the vicinity of Lucknow in the United 
Provinces. 

Cholera is not endemic in the Punjab and although it occurs in some years 
in epidemic form the areas affected are usually limited and can be defined in any 
one year. Por example, in the Karnal district the total deaths from cholera which 
were recorded in 1936 were 7, and in 1937 (the year in which investigations were 
carried out) the total was 9 deaths. The corresponding figures for Ambala district 
were 6 and 54. It was thus possible on the known distribution of the cases to 
select places for the examination of waters in which a likelihood of contamination 
from cholera cases was very remote. In the United Provinces cholera is also not 
endemic but on introduction a high epidemicity frequently occurs. Places could, 
however, be selected in these Provinces where the chance of infection of water 
during the previous year was unlikely. 

The sources examined were shallow wells, tanks (excavated areas containing 
permanent collections of water used for drinking or washing), and rivers. 

A series of visits was made to the selected areas and the results of the 
examination of each group of water samples collected are given below : — 

Punjab water samples — Series 1. 

Nineteen water sources were examined on 24th and 25th April, 1937, during 
the hot-weather period, in the vicinity of villages in which cholera had not 
occurred during the previous year, yibrios were isolated from all the som-ces and 
the details of strains, one each of any biochemical or serological type from each 
source, are given in Table I. Vibrios of more than one type were isolated from 
the majority of samples and 35 strains were finally selected for detailed examination 
of their characters. 

The incidence of the different Heiberg fermentation types was ; — 

Type I Type II Type III Type IV Tj^e V Tjq)e VI 
8 18 0 7 0 2 

No strain was agglutinable with pure ‘ 0 ’ cholera serum of the Inaba or 
Ogawa tj-pe. Twelve strains agglutinated to 50 per cent or ovei- with Inaba 
H ’ O’ serum and two strains to 25 per cent. 

All strains were examined with the special ‘ 0 ’ sera prepared against vibrios 
selected from inagglutinable strains derived from cases of clinical cholera, carriers, 
and water, the details of which have been given in a previous .communication 
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(Taylor, Pandit and Bead, loc. cit.) and 7 strains were found to agglutinate, with 
one or other of the sera. This point is discussed in summarizing the results. 


Punjab xoater samples — Series 2. 

A second series of samples -was examined in Amhala and Karnal districts 
from 15th to 17th July, 1937, representing hot-Aveather conditions. In this series 
some of the same samples as Avere examined in the first series AA’ere re-examined 

and a total of 21 sources Avas dealt Avith. Again Aubrios Avere obtained from 

all sources. The majority of sources shoAved more than one type of Aubrio 

and a total of 38 strains Avas selected for examination the details of AA’-hich are 

given in Table II. 

The vibrios isolated belonged to the folloAving Heiberg t}^es : — 

Type I T}'pe II Type III Tj^je IV T)Ye V Tj^e VI 
8 14 3 3 0 10 

Ho strain agglutinated Avith pure ‘ 0 ' group I serum (Inaba or Ogawa type), 
while 12 strains agglutinated AA'ith Inaba ‘ H ’ * 0 ’ serum. 

Thirteen strains showed agglutination Avith the special test sera. 

Punjab water samples — Series 3, 

Nineteen samples from the Multan and Ambala districts were collected and 
enriched for us by the Public Health staff, Punjab Government, during August 
1937, representing monsoon conditions. Vibrios were isolated from all samples. 
Prom these 24 strains Avere selected for examination the details of Avhich are given 
in Table III. 

The following was the distribution of Heiberg types in this group : — 

Type I Tjttc II T;pr ill TjT)e IV Tj^pe V Tj^e VI 
8 10 l: 0 0 4 

None of the sti-.ius uith ‘ 0 ’ group I serum, while 7 agglutinated 

with Inaba ‘ IT ’ ' G ’ sc 

PiA’C strains shewed aggiiuinarion AAUth the sjiecial test sera. 

P'unjah water samjiles — Series 4. 

In connection with certain other observations two shallow wells in the 
of Jhanjhari, Karnal district, were examined in August 1937. Both Avells 
vibrios and 7 strains were isolated (Table IV). Of these four beloved 
Heiberg type I and three to Heiberg type II. Prom each of the wells a Meipe g 
type II strain was isolated which was of fire same biocheinical type, but 
identity of the strains was not established. The remaining five strains clitterea 
biochemical and serological characters. Two of the strains agglutinated 
per cent of titre Avith Inaba ‘ H ’ -f ‘ 0 ’ serum and four agglutinated to from ou 
100 per cent of titre with sera prepared against Calcutta case, carrier, or wa 
strains. 
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United Provinces — Lucknow series. 

Thirteen samples were examined in Lucknow City and vicinity on 21st and 
22nd May, 1937, during the hot weather when maximum temperatures up to 107°F. 
were being experienced. These included shallow wells, tanks, and river water. 
All sources were positive, while two control sources consisting of the filtered and 
chlorinated Goomti water and water from a tube-well did not show vibrios. Twenty- 
six strains of different biochemical or serological t}^e were examined, details of 
which are given in Table V. The distribution of Heiberg types in this series 
was as follows : — 

T)T)e I Tj^e II Type III Type IV Type V Type VI 
11 14 0 0 1 0 

No strain agglutinated with ‘ 0 ’ group I serum (Inaba or Ogawa type), while 
14 agglutinated to 50 per cent or over with Inaba ‘ H ’ -j- ‘O’ serum! Four 
agglutinated to varying percentages of titre with the special test sera. 


United Provinces — Hardwar series. 

The conditions under which the examination of water for vibrios at Hardwar 
was carried out differed from those of the other Punjab and United Provinces 
series. Many thousands of pilgrims from all over India visit Hardwar annually 
and bathe in the Ganges as part of their religious ceremonies. There is thus 
always a possibility of contamination of the water of the bathing ghat from 
cholera sources and during the period in which the samples were taken 94 cases 
of cholera occurred at Hardwar. Weekly samples were collected from the 
bathing ghat by the local public health staff during June, July, and August, 
a total of 11 enriched samples being received for examination. All samples 
were positive and 10 showed more than one type of vibrio. In Table VI 
details are given of the 30 strains whose characters were determined. The 
distribution of Heiberg types was as follows : — 

Type I Type II Type III Tj'pe IV Type V Type VI 
9 9 1 5 2 ^4 

In accordance with differences shown in the fermentation reactions, indol 
production, cholera red reaction, production of hsemolysin, and serological reactions, 
these have been placed in 15 groups (Table VII). As the ‘ 0 ’ serological type of 
many of the strains was not determined it is possible that there may be an even 
greater number of different types in the series. Out of the 30 strains 14 agglu- 
tinated with Inaba ‘ H ’ -j- ‘ 0 ’ serum and none with pure ‘ 0 ’ serum. 


Observations during the cold-weather period. 

Examinations of wells and tanks were repeated in the Karnal and Ambala 
districts during the month of January 1938 certain of the same sources as had 
previously been examined again being tested. At the time of taking samples the 
maximum and minimum temperatures were in the vicinity of 70°F. and 40°F. 
respectively. Certain changes had in the interval taken place in local conditions’ 
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some of the wells previously examined having been improved by lining them with 
cement and constructing plintlis and liigh copings. 

Seventeen water sources were examined the details of which are given in 
Table VIII. From 16 of these vibrios were isolated and from 9 more than one 
biochemical tj'pe were obtained. 

A total of 123 colonies was examined and taking a single strain of each bio- 
chemical type isolated from aii}^ one sample 32 strains were retained for detailed 
examination. 

Vibrios of all six Heiberg types were obtained but the proportions differed 
in some degree from those in the series isolated during the liot-weaiher and 
monsoon periods. Tliere was a larger proportion of types V and VI. The 
distribution was as follows ; — 

Type I Type II Type HI Type IV Type V Tj^re VI 
9 2 1 4 7 9 

None of the strains agglutinated ‘ 0 ’ group I serum or ‘ H ’ -f ‘ 0 ’ serum. 
Six were found to agglutinate with special ‘ 0 ’ sera raised against case and carrier 
strains from different parts of India. 

The results of this series of examination are summarized in Table X. 

Comments. 

For the purpose of analysis of results the waters examined may conveniently 
be divided into three groups, viz., (a) the hot-weather and monsoon series collected 
under conditions in which the likelihood of cholera contamination could be 
excluded, (6) the cold-weather series under the same conditions, and (c) the 
Hardwar series. 

The findings in the hot-weather and monsoon series are summarized in 
Table IX. All 74 sources examined yielded vibrios, which were of numerous 
different biochemical and serological types. The majority of strains were of 
Heiberg types I and II, and type VI strains constituted only 12 per cent of 
the total. No strain agglutinated with pure ‘ 0 ’ cholera serum, but 36 per cent 
agglutinated to 50 per cent or over with Inaba ‘ H ’ -f- ‘ 0 ’ serum. Fifteen per 
cent of strains agglutinated with ‘ 0 ’ sera prepared against vibrios, other 
than of ‘ 0 ’ group I, isolated from cases of clinical cholera and 8 per cent agglu- 
tinated with carrier strain sera. 

During the cold weather vibrios were isolated from 16 out of 17 sources and 
the results of the examinations, as given in Table X, show certain differences 
from those of the hot-weather and monsoon series from the same area. The 
majorit}^ of strains belonged to Heiberg t^pes V and VI although all six types 
were represented. None of the strains^ in this series were ‘H ’ agghitinators but 
vibrios agglutinating with special ‘ 0 sera prepared against ca.se and carrier 
strains were included. 

Although the Hardwar series were collected under conditions in whicJi 
contamination from cholera sources might be possible the general characters of 
the strains, as indicated in Table XI, were very similar to those of the other samples 
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examined during liot-weatlier and monsoon periods. Tlrci distribution of Heiberg 
tjTJes was comparable. A biglier incidence of ‘ H ’ agglutinators was noted, 
tliese being 46 per cent as compared with 36 per cent, but the difference is not 
significant in relation to the number of strains examined. The proportion of 
strains agglutinating with special ‘ 0 ’ case sera was lower than that found in the 
hot-weather and monsoon series collected in non-cholera areas. 

The results of these examinations show that vibrios are almost universally 
present in unprotected wells, tanks, and rivers in areas of Northern India where 
cholera is not endemic, and that their presence is in no way related to contamina- 
tion from cholera sources. From individual sources vibrios of several different 
t}"pes may be isolated and the vibrio group in water is extremely heterogeneous. 
A considerable proportion of water strains possesses an ‘ H ’ antigen in common with 
F. clwlercB but no vibrio was isolated which showed ‘ 0 ’ serological relationship with 
that organism. IMan)"^ of the strains isolated showed ‘ 0 ’ serological relationship 
with vitoios other than tj^aical F. cholercB isolated from cases of clinical cholera 
and from carriers in Bengal and other parts of India (Tables XII and XIII). 

It is obvious that with this almost universal distribution of vibrios in water, 
including waters which may be used for drinking purposes, vibrios must frequently 
obtain entrance to the intestinal traet of those using the water and the appearance 
of such vibrios in stools of healthy individuals or in cholera cases is to be 
expected. In the area in which the examination of waters was carried out 30 
per cent of stools of a small group of individuals examined yielded vibrios. 

The results of these examinations indicate a probable source of origin for the 
vibrios inagglutinable with ‘ 0 ’ group I serum which are not infrequently 
isolated from stools of cholera cases. Our findings add further evidence in support 
of the conclusion of Taylor, Pandit and Bead [loc. cil.) that vibrios other than 
typical F. cliolerce, as defined by its characteristic ‘ 0 ’ antigen, including strains 
which agglutinate with cholera ‘ H ’ -j- ‘ 0 ’ serum only, do not play a part in 
the 8etiologj>- of cholera. 


Summary. 

1. Vibrios were found to be universally present in waters in Northern India 
and were isolated from 90 out of 91 samples of well, tank, and river waters under 
conditions in which cholera contamination could be excluded. 

2. The vibrios were of very heterogeneous t3q)es as determined by then- 
biochemical and serological reactions. 

3. No strain was isolated which agglutinated with pure ‘ 0 ’ serum of ‘ 0 ’ 
group I. Out of 130 strains isolated during the hot-weather and monsoon 
periods 36 per cent agglutinated with ‘ PI ’ -j- ‘ 0 ’ high-titre cholera serum. 

4. ‘O’ serological relationship with vibrio strains isolated from cases of 
clinical cholera in different parts of India was shown in 14 per cent of strains 
examined . 

T/ ^'1 ^ probable water source of origin of the vibrios, other than ttmical 
T . clioletco^ which are soraetimes found in stools of cholera cases is indicated 
by these findings. ’ 
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S. T. = Smooth translucent ; S. 0. = Smooth opaque ; H. = Haemolytic ; N. H. = Non-haemolytio ; P. H. = Partially hajmolytic. All 
io strains were Gram negative, monollagellate, actively motile vibrios and inagglutinablo ivith * 0 ’ group I serum. The ‘ 0 ’ serological groups 
are those described by Taylor, Pandit and Read (loc. cit.). Strains agglutinating to less than 25 per cent of titre have not been taken 
ns ‘ agglutinahle ’ for the purpose of analysis of results. 
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United Provinces — Hardwar series. 

Weekly samples from batting gbat used by pilgrims. 
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Incidence and Characters of Vibrios in Waters. 
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S. T. = Smooth translucent ; S. 0. = Smooth opaque ; H. = Hoemolytic ; N. H. = Non-hremolytic ; P. H. = Partially hoemolytic. 
All strains were Gram negative, monoflagellate, actively motile vibrios and inagglutinable with ‘ 0 ’ group I serum. The ‘ 0 ’ 
serological groups are those described by Taylor, Pandit and Read (foe. cif.). Strains agglutinating to lees than 25 per cent of 
titro have not been taken ns ‘ agglutinable ’ for the purpose of analysis of results. 
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S. T. = Smootli translucent ; S. O. = Smooth opnquo ; R. O. = Rough opaque ; H. = Htomolytio ; N. H. = Non-h.-emolytio. 
All strains wcro Gram negative, monoflagollato, actively motile vibrios and inagglutinnblo with ‘ 0 ’ group I serum. The • 0 ’ serological 
groups ai-o those described by Taylor, Pandit and Road (he. cit.). Strains agglutinating to less than 25 per cent of titre have not been 
taken ns ' ngglnfinabio ’ for the purpose of analysis of results. 
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S. T. = Smooth translucent ; S. 0. = Smooth opaque ; R. 0. = Rough opaque ; H. = Htemolytic ; N. H. = Non-hajmolytic. 
All strains -were Gram negative, monoflngelJate, actively motile vibrios and inagglutinnble with ‘ 0 ’ group I serum. The ‘ O ’ serological 
groups are those described by Taylor, Pandit and Read (lac. cit.). Strains agglutinating to leas than 25 per cent of titro have not been 
taken ns ‘ agglutinable ’ for the purpose of analysis of results. 
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Table XII. 

Water vibrio strains showing ‘ 0 ’ serological relationship with case strains 
of types other than ‘ 0 ’ group I. 


Strain 

number. 

1 

Agglutinating 
•with Inaba 
‘H’+ ‘O’ 
serum (50 per 
cent to 100 
per cent). 

Agglutinating with ‘ 0 ’ 
group serum number.* 

Origin of type 
strain. 

12/2 


1805/1 

100 per cent 

Calcutta case. 

2A j 

+ 

1805/1 

50 

9} 

lOD 1 

+ 

1805/1 

50 

>9 

9/4 

— 

1805/1 

25 

9i 

17A 

+ 

324/7 

50 

97 

IIB 

+ 

324/7 

25 

99 

LI 

+ 

324/7 

25 

99 

XA 

- 

1612 

100 

99 J 

D1 

+ 

1612 

25 


2B 

- 

630/3T 

50 

99 f 

14A 

+ 

GVI 

100 

99 

L2A 

- 

627/29/2 

25 

99 

4D 

- 

L/1 

100 

Lahore case. 

8A 


L/9 

100 

9» 

18A 

- 

L/9 

100 

99 

XID 

. + 

L/9 

100 

„ 

12B 

— 

984 

25 

Assam case. 

4B 

- 

3067 

100 „ ' ■ 

>> 

5/22 


Giir 

25 

Nanking case. 


j 'P ’ described bv Tavlor, Pandit 

and i<ead {ioc, at,). 
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Table XIII. 

Water vibrio strains shoicing ‘ 0 ’ serological relationship ivith carrier 
strains of types other than ‘ 0 ’ group I. 


Strain 

number. 

Agglutination 
with Inaba 
‘H’4- 'O’ 
serum (50 per 
cent to 100 
per cent). 

Agglutination with ‘ 0 ’ 
group scrum number.* 

Origin of type 
strain. 

20 


8314 

100 per cent 

Oalcutta carrier. 

6/24 


8314 

100 

if 

7/30 

— 

8314 

100 

ff 

VIIA 

+ 

8314 

50 „ 

ff 

14A 

— 

8314 

50 „ 

ff 

13B 

+ 

8314 

25 

ff 

15B 

+ 

8314 

25 

ft 

18B 

+ 

8314 

25 

ff 

XIB 

+ 

8314 

,, 

ff 

IXA 

+ 

8314 

25 

ff 

LIO 

— 

5780 

100 

ff 

12D 

— 

5780 

50 

ff 

6A 

+ 

2943 

50 

ff 

15/27 

— 

2943 

50 

ff 

3B 

+ 

2898. 

50 

ff 

lA 

4* 

2898 

25 

ff 




* The ‘ 0 ’ group sera used are those described by Taylor, Pandit 
and Read {loc. ciL). 
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THE DISTRIBUTION AND CHARACTERISTICS OE 
VIBRIOS ISOLATED FROM CERTAIN NON-HUMAN 
SOURCES IN CALCUTTA. 


BY 

Major C. L. PASRICIIA, i.m.s., 
D. N. CHATTERJEE, 


AND 


P. C. DAS. 

{From the Cholera Bacteriological Inquiry under the Indian Research 
Fund Association at the School of Tropical Medicine, 
Calcutta.) 


[Received for publication, March 31, 1938.] 


The Vibrio cholerce, the universally accepted causative organism of cholera, 
has been the subject of very careful study by a number of bacteriologists but the 
large number of species of vibrios which have been isolated both from human and 
other sources and w'hich resemble closely the V. cholerce in their general biological 
characters have not been systematically studied. Some of these vibrios exhibit 
slight differences in size or in certain biochemical properties and have been given 
names which refer to certain biological peculiarities or more often to the locality 
where the vibrios were found. The majority of such vibrios cannot be distinguished 
from V. cholerce except in their serological reactions. A certain percentage of 
srreh vibrios agglutinate with a cholera serum containing both the ‘ H ’ and ‘ 0 ’ 
agglutinins but they do not agglutinate with pure ‘ 0 ’ serum of the type group I 
of Gardner and Venkatramarr (1935). Although the ‘ 0 ’ inagglutinable vibrios 
are found in sewage or in polluted waters, similar vibrios are occasionally forrnd 
in the stools of cholera patients, carriers, or contacts and their presence sometimes 
causes confusion in making a bacteriological diagnosis. Because of the very close 
resemblance of these vibrios to V. cholerce and the common ‘ H ’ antigen possessed 
J, MR ( 33 ) 3 
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by some of the ‘ 0 ’ inagglutinablc vibrios, certain workers liave attributed 
cholerageiiic properties to sucli ‘ 0 ’ inagg]utinal)lc vibrios but lliis is based on 
data which are as yet inconclusive. As a preliminary to a detailed systematic 
study of^ the vibrios which are found in nature a survey was made of the 
distribution and some of the characteristics of vibrios occurring in certain non- 
human sources. 

The following souices were examined : — 

(1) Three hundred samples of surface waters were collected periodically from 
the beginning of July 1937 to the end of February 1938. There were 220 samples 
collected from certain surface tanks situated in different parts of Calcutta and the 
outlying areas and 80 samples of water collected from different parts of the Eiver 
Hooghly as it passes through Calcutta. (2) Forty-six samples of different tubed 
water-supply. (3) Six hundred and forty flies caught individually in separate 
sterile tubes, and 94 catches of cockroaches. 

The methods employed for the isolation of vibrios from waters and other 
sources are summarized below ; — 

(1) Techuque for the isolation of vibrios in waters. — Approximately ISO c.c. of 

the sample of water were collected in flasks containing 20 c.c. of 10 per cent peptone 
water containing 5 per cent sodium chloride. The flasks were left at room tempera- 
ture in the dark overnight and the next morning 1 c.c. of the fluid from the flasks 
was transferred to a tube of peptone water. After six hours’ incubation at 37°C. 
the surface growth from the tubes was inoculated on freshly prepared Aronson’s 
medium. Three vibrio colonies were picked up from each positive plate and were 
studied for their morphology, biochemical and serological reactions. At first 
the samples of water which gave no vibrio colonies were examined after further 
peptone-water enlianceraent. It was found, however, that the samples which 
were negative after the first enhancement generally failed to show any vibrios 
after further enhancement and this method of examination was discontinued. The 
first hundred samples were inoculated both on Aronson’s medium and on per 
cent bile-salt agar. Ninety-eight per cent of the samples inoculated on Aronson’s 
medium showed the presence of vibrios, whereas only 55 per cent of the samples 
of the same series inoculated on bile-salt agar gave' vibrio colonies. There was 
often growth of spreading colonies on the bile-salt agar plates and this made the 
isolation of vibrios difficult, whereas on Aronson’s medium the number of vibrio 
colonies was proportionately greater and there was entire freedom from ‘ spreaders ’ 
on the plate. As the isolation of vibrios was distinctly better on Aronson’s 
medium than on bile-salt agar, the latter medium was not used for the rest of 
the series. '* 

(2) Technique for the isolation of vibrios in flies. — The flies were caught in 
separate test-tubes and were put in tubes containing 10 c.c. of 1 per cent peptone 
water. The tubes were left overnight at room temperature and the next morning 
1 c.c. of the surface growth was inoculated into fresh peptone water and incubated 
for six hours at 37°C. The surface growth from the second tube was plated on 
Aronson’s medium. Similar methods were employed for the isolation of vibrios 
in cockroaches. 
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The results of the examinations are given below : — 

(A) Vibrios in waters. 

Table I. 

Showing the source of the samples, the total number of samples examined 
from each source, and the number and percentage in tvhich 
vibrios tvere isolated. 



i Humber of 

Number and percentage 

Source. 

1 samples 

of samples from which 


examined. 

! 

vibrios were isolated. 

Open surface tanks . . 

220 

189 (86 per cent). 

River Hooghly 

1 80 

1 

80 (100 „ „ ). 


It will be seen that vibrios were found in every sample of water collected 
from the River Hooghly. Quantitative examinations were made to determine 
the minimum amount of water which would give vibrio colonies. Vibrios could 
always be isolated from 50 c.c. and occasionally from 5 c.c. of the samples. A 
sufficient number of quantitative examinations has not been made to determine 
any seasonal variation in the vibrio content of the waters. 

The tank waters collected in July, August, September, and October 1937, and 
January and February 1938 showed the presence of vibrios in 96 per cent of the 
samples examined. The tank waters collected during November and December 
1937 gave vibrios in 43 and 45 per cent of the samples examined. 

Three hundred and eiehty colonies of \dbrios isolated from different samples 
of water were studied. The appearance of the colonies varied from the tjqjical 
readily recognizable Q’pe to the rough rugose tjqje of colony. Biochemically they 
were of the following Heiberg’s types ; — 

Type . . I II III IV V VI 
160 201 9 2 3 5 

The majority (about 75 per cent) of the samples gave vibrios of more than 
one Heiberg’s type. 

All strains were tested v ith standard Inaba ‘ 0 ’ and Inaba ‘ H ’ and ‘ 0 ’ sera. 
No strain was agglutinable with Inaba ‘O’ serum and 20 or 5‘2 per cent of the 
380 strains were agglutinable with Inaba ‘ H ’ and ‘ 0 ’ serum to more than 50 per 
cent of the titre of the serum. Twelve strains of vibrios isolated from different 
samples of waters and which were agglutinable with ‘ H ’ and ‘ 0 ’ cholera serum 
were further studied. It was found that in the majority of the strains the ‘H’ 
relationship to F. cliolerce was only partial and that there was a residual ‘ H ’ 
antigen which was specific to the ‘“O ’ inagglutinable vibrio tested. 
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Three of the 17 samples of laboratory tap-water showed the presence of ‘0’ 
inagglutinable vibrios, whereas vibrios were absent from 12 samples of water 
collected direct from the municipal water hydrants. This suggested that the 
vibrios found in the laboratory tap-water -were the result of contamination 
occurring during the storage of water. Samples of dust from the street, the floors 
of the laboratory, and from the top of cupboards showed the presence of vibrios 
in the majority of the samples. Four samples of tube-well w^ater collected direct 
from the supply pump gave no vibrio colonies, whereas a sample of tube-well 
water stored in an overhead tanlc contained vibrios. 

Eight of 13 samples of waters collected from different municipal markets and 
used for washing vegetables and fish showed the presence of vibrios. Vibrios were 
found in the intestines of 12 fishes examined. 


(B) Vibrios in flies and, coder oaches. 

Two collections of 320 flies each w^ere examined for the presence of vibrios 
on their bodies. The first collection was made during the latter part of the rainy 
season and the second collection made during the dry and cold weather. The 
results of these examinations are given in Table II : — 


Table II, 


Number of flics , Flics collected 
e.vamined. | in 


I Number and percentage 
. of flies from which 
1 vibrios were isolated. 


I Number of flies from 
j which ‘ H ’ agglu- 
tinable vibrios were 
I isolated. 

I 

I 

i 


320 August 1937 62 (19’2 per cent) 


10 


320 ! December 1937 j 22 (6’8 „ „ ) ' Nil, 

I 


No ‘ 0 ’ agglutinable vibrios -were isolated. 

The vibrios isolated from the two collections of flies belonged to tlie following 
Heiberg’s types ; — 


Type . . I 

August catch . . 53 

December catch . . 14 


II 

4 

3 


III IV V VI 

5 0 0 0 

2 3 0 0 


A batch of 94 cockroaches caught during August 1937 showed the presence 
of vibrios in 16 or 17 per cent. These vibrios were inagglutinable with 
Inaba ‘O’ and Inaba ‘ H ’ and ‘O’ sera and biochemically belonged to 
Heiberg’s type I (87 per cent) and ty^pe II (13 per cent). , 


Summary. 

1. Three hundred samples of surface waters collected frorti the Biver 
Hooghly and from certain surface tanks in Calcutta were examined for the 
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presence of vibrios. Vibrios were isolated from all the 80 samples of the river 
waters and from 86 per cent of the 220 tank waters examined. 

2. Vibrios were absent in tnbe-well water and in the municipal tubed supply 
of drinking water. Vibrios were found in these waters after storage in domestic 
tanks suggesting the contamination of the water during storage. 

3. A’^ibrios were found in 62 or 19 per cent of 320 flies caught in diflerent 
parts of Calcrrtta during the month of August 1937 and in 22 or 6-8 per cent of 320 
flies carrgbt in December 1937. A^ibrios were found in 16 or 17 per cent of 94 
cockroaches examined. 

4. The vibrios isolated from different samples of water, from flies and 
coclrroaches were all inagglutinable with Inaba ‘ 0 ’ serum. Seven per cent of 
the vibrios isolated from various sources showed ‘ H ’ relationship with F. cliohrcB. 
A detailed serological study of 12 of the ‘ H ’ agglutinable strains showed that in 
the majority there is more than one ‘ H ’ antigen, one of which is common to the 
‘ H ’ antigen of F. choleroB. 

5. Biochemically the majority of the strains of vibrios isolated belonged to 
Heiberg’s types I and II and very few to the other types. 

6. The vibrios isolated from the non-human sources examined resemble in 
their morphology and in their main biochemical reactions the F. cholercB, and can 
be distinguished only by their inagglutinability with Inaba ‘ 0 ’ serum. The 
method of isolation must be stressed for there is evidence to suggest that with 
different methods of isolation other species of vibrios can be obtained. 

REFERENCE. 

Gardner, A. D., and Venkatraman, K. V. Jour. Hug., 35, 2, p. 2(i2. 

(1935). 
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VIBRIOS IN NATURAL WATER SOURCES IN ASSAM. 
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The method employed for isolating vibrios from water differed from routine 
methods essentially in cultivation at or near a pH of 9-0.’ An eight-ounce 
stoppered bottle containing 20 c.c. of 10-fold strength peptone water at a pH of 
9-0, previously sterilized, was filled with the water under examination to the 200- 
c.c. mark— file mark on the side of the bottle— and sent to the laboratory for 
examination. No attempt was made to readjust the pH to 9-0 ; but in several 
instances examined, the pH of the contents was found to be not less than 8'0 and 
usually in the neighbourhood of 9’0. The bottles were incubated for 18 hours, at 
the end of which a large loopful of the contents from the surface w'as transferred 
to a tube of peptone water. After 4 hours and sometimes after 18 hours’ 
incubation, a small loopful from the surface of this was plated on agar and 
Aronson plates and suspicious colonies picked up. 

One hundred and five samples from wells, tanks, streams, ponds, and other 
collections of water were examined. Of these 95 or 90’5per cent were positive 
for vibrios. The strains, classified according to the Heiberg t)^es, using the six 
sugars, glucose, lactose, mannite, saccharose, mannose, and arabinose, fell into 
the following groups ; — 

I II III IV V VI(1) VI(2) Gas former Total 

9 11 9 4 7 88 10 1 139 

The tjTie VI(1) vibrios did not ferment any of the sugars and tj-pe VI(2j usually 
fermented glucose and mannite but not any of the other sugars. Certain strains 
however, that fermented glucose and lactose only have been classed here as 

( 39 ) 
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Vibrios in Natural Water Sources in Assam. 


type VI(2). Tlie gas-forming vibrio was monotricliatc and gave the biochemical 
reactions of type I. In G4 samples there was only one biochemical type of vibrio, 
in 26 two types, and in 5 more than two tj-pes, one of which contained as 
many as 5 biochemical t}f|)es. 

The VI(1) type of vibrio alone was found in 60 samples and in combination 
with other tj^es in 28 others. Fifty of t))cse strains were examined in greater 
detail as regards staining for flagella and other biochemical reactions. The Y-P 
(original and the a-naphthol modification) and the cholera-red reactions and 
the indol test were all negative. On tl)e basis of gelatin liquefaction, nitrate 
reduction, and reaction of litmus milk, the 50 strains were distributed as follows 


Gelatin 

LIQUEFACTION. 

Nitkate 

REDUCTION. 

Lmius SULK. 

+ 

1 

+ 

— 

Alkaline 

Not alkaline. 

1 

9 1 

41 

1 

41 

9 

1 

46 

4* 


* All the 4 strains gave an initial alkalinity followed by acidity 
in the case of two, and decolorization and peptonization in the remaining 
two. 


Thirty-three strains were raonotrichate and 17 lophotrichate. Bad. fmcalis 
alkaligenes, w'hich gives the same fermentation reactions, did not reduce nitrates 
or liquefy gelatin and produced alkalinity in milk. Identical reactions were given 
by 5 out of the 50 VI(1) type vibrio strains and these were only differentiated from 
Bad. fwcalis alkaligenes by flagellar staining, two being found to be monotrichate 
and three lophotrichate. It may be mentioned here that most of the strains 
were bacillary and only a few had the vibrio shape. 

The samples of -water were obtained from both the vallejm of Assam-— the 
Brahmaputra and Surma Valleys — as well as the hill district of Khasi and JamtJa 
Hills. Fifty-four of the samples were collected during the hot months May to 
July and the remaining samples during the cold months December to February. 
There was no significant difference either in the percentage isolation or the t}q)e3 
of vibrios for those periods. 


Summary, 

1. Vibrios were isolated from 90 per cent of open-water sources in Assam, 
including wells, tanks, streams, and ponds, 

2. Strains were obtained which belonged to all six Heiberg fermentation 
types. The majority belonged to the non-fermenting type VI. Certain of the 
characters of type VI vibrios have been studied. 

3. Ho material difference was noted in the incidence of vibrios or in their 
characters during the cold-weather as compared with the hot-weather period. 



Ind. Jour. AJed. Res., 26, 1, July, 1938. 


STUDIES ON THE SPECIFIC POLYSACCHAEIDES 
OF THE VIBPJOS. 

Part II. 

CHEMISTRY AND SEROLOGY. 


BY 

RICHARD AV. LINTON, pL.d., 

D. L. SHRIVASTAVA, d.sc., 

S. C. SEAL, M.B., 

AND 

S. P. MOOKERJI, M.sc. 

{Cholera Inquiry, Indian Research Fund Association ; All-India 
Institute of Hygiene and Public Health, Calcutta.) 


[Received for publication, March 25, 1938.] 


Erom an extended study of the chemical composition of the vibrios, Linton, 
Shrivastava and Mitra (1935) were able to classify them into six groups, which 
corresponded with their origin, biochemical activities, and metabolism. Our 
later work has included an attempt to determine if a serologieal basis for this 
chemical classification could be found, and it is the purpose of this paper to 
report on these experiments. It was also hoped that certain discrepancies would 
be cleared up with the use of the precipitin test, such as, for example, the position 
of the El Tor strains, which can easily be distinguished from vibrios from cases 
of cholera by chemical means, but not by means of ‘ 0 ’ agglutination (Gardner 
and Venlvatraman, 1935). Furthermore, vibrios belonging to chemical group II 
from cases of cholera were found to contain the same polysaccharide as those 
of chemical group III, from water, but the two were quite distinct in the 
agglutination test. 

In the present communication we are reporting a chemical and serological 
study of the vibrio polysaccharides. These have been isolated by a technique 

( ) 
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developed by Shrivastava and Seal {J937) from tlie centrifugates of peptone- 
water cultures. M itli this method all drastic treatment of the polysaccharides 
is avoided. In the paper just referred to, it was shown that by the use of such 
polvsaccharides in the precipitin test, one could readily distinguish El Tor 
strains from vibrios isolated from cholera cases, although they were identical 
when tested with ‘ 0 ’ agglutinating sera ; also group I strains could be 
distinguished from group VI, IVe arc now reporting a continuation of this 
work, using strains from all the chemical groups. 


Details of the strains used. 

In all, about two dozen strains have been worked with. Strains 176, 179, 
196, 198, 200, and 202 were obtained from cases of cholera in the earlier part of 
the_1937 epidemic in Calcutta, and strains 315, 319, 322, 330, and 334 from cases 
during the latter part of the same epidemic. All these strains were agglutinated 
by Inaba ‘ 0 ’ serum to significant titres. H4, H5, and H25 were isolated from 
hospital patients not suffering from cholera. ^115/5, W132, W138/2, '\Vl39/2, 
W164, W182, and V'171 were isolated from water sources in and around 
Calcutta and wer'e non-agglutinable with Inaba ‘ 0 ’ antiserum. All these 
strains were used in our work within six weeks of their isolation and accordingly 
had not been maintained under artificial laboratory conditions for a long time. 
No. 1894 is a vibrio isolated from a tank in Diamond Harbour in' 1935 and is 
non-agglutinable. We obtained all the above strains through the courtesy of 
Major C. L. Pasricha, i.M.s, Strain Inaba ‘ T ’ is the classical Japanese case- 
strain, kindly sent to us by Colonel J. Taylor, i.M.s. 

The specific polysaccharide was isolated and the chemical group determined 
in each particular case at about the same time. The chemical group was deter- 
mined by identifying the type of protein and polysaccharide present in the strain. 
The carbohydrate was identified the modified process of Linton, Mitra and 
Seal (1936) and the protein by the process developed by Linton, Mitra and 
Shrivastava (1934), with a slight modification in the mode of preparing the solu- 
tions for polarimetric readings. After dissolving the protein in NaOH solution 
of required strength-, the solution was incubated at 37°C. for 24 hours and then 
passed through a Chamberland L-2 candle. The readings of the optical rotation 
of the clear solution were taken after this at specified intervals. Nitrogen was 
estimated by means of the Kjeldahl method and the percentage content of protein 
in the solution calculated from it. 


Preparation and chejiical properties op the polysaccharides. 

The method of preparing the specific polysaccharides was essentially the same 
as akeadv reported (Shrivastava and Seal. loc. cit.; Linton, Shrivastava and_ Seal, 
•1938). It was found, however, that better preparations were obtained if the 
polysaccharide solution was shaken with CHCI3, etc., once or twice, about half 
an hour each time, in the final stages. In this way water-clear_ solutions were 
obtained, for the final isolation. Eor any particular polysaccharide from 6 to 8 
shakings of half an hour duration each were made. 
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All fclie polvsaccliarides were biuret negative and gave positive Moliscb 
reactions in very higli dilutions. They were free from phosphates. Some of the 
polysaccharides of each of the three types were found to contain organically bound 
phosphorus and traces of sulphur as well. 

Table I gives the results obtained with case strains recently isolated, during 
the beginning as well as toward the end of the epidemic of cholera in 1937 ; 
tocfether with a case strain, Inaba ‘ T which has been maintained under artificial 
conditions for a long time. All these strains belong either to group I or group II of 
the chemical classification. The specific rotations in the majority of. cases lie 
between + 80° and + 95°. No. 179 has a rather low and No. 196 a coinpMa- 
tively high figure. The nitrogen values in the cases of strains isolated in the initial 
stages of the epidemic are high (4-7 to 9T per cent). Compared to_ these, 
the strains from the latter part of the epidemic have lower figures for nitrogen, 
which range from lA to 3-2 per cent. The values for the acetyl group in 
the first set of strains are lower (O'O to 2-6 per cent) than in the case of the 
second set (2-6 to 4‘7 per cent). The two sets of strains are also different 
in their figures for maximum hydrolysis in N/1 HoSO.j, that for the earlier strains 
ranging from 31-2 to 46T per cent as against 54'8 to 63'4 per cent in the 
later strains. It was interesting to note that polysaccharides of strains from the 
first part of the epidemic developed a heavy opalescence upon the addition of 
H2SO4 to their aqueous solutions, while polysaccharides of strains from the 
latter part of the epidemic gave little or no opalescence. Furthermore, it was 
found that if the polysaccharides which showed the strong opalescence were 
dissolved in N /lO acetic acid and refluxed in boiling water, a flocculent preci- 
pitate appeared within 30 minutes. This precipitate was ether-soluble, and biuret 
and Molisch negative. 8ince the polysaccharides had a high nitrogen content and 
contained phosphorus, it is highly probable that they are a carbohydrate phospho- 
lipoid complex. It was also noted that polysaccharides having this lipoid complex 
did not hydrotyse to a high percentage in N/1 H2SO4, and have a comparatively 
large amount of nitrogen. 


Strain 334 rvhich had been isolated in the latter part of the epidemic from a 
severe case of cholera has behaved differently from other strains isolated during 
the same period. It has a high nitrogen content of 6‘9 per cent and a low figure 
for maximum hydrol3'sis. It also developed a heavy opalescence on the addition 
of acid to its aqueous solution. In these characteristics it resembles polysaccharides 
from strains isolated in the earlier part of the epidemic. 

It is interesting to compare the figures for Inaba ‘ T ’ with the corresponding 
ones for the strains discussed above. In everj'- respect, except the acetjd-group 
figure, which is much higher (6-3 per cent), it is in line with the second set of strains 
isolated in the latter part of the epidemic. 


Kesults obtained with water and carrier strains are given in Table II. Of 
the 8 water strains, It 132, M 138/2, M 139/2, 164, and M'182 belong to chemical 

group III, and Wl71 is a strain of mixed groups III and IV. IVllS/o belongs to 
group IV and No. 1894 is again a mixed strain falling into groups IV and V, with 
group V predominating. Of the 3 carrier strains examined. Ho falls in eroun IV 
and H4 aud H25 fall into groups IV and V. ° ^ 
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There is a much wider range of variation in the figures for specifie rotations 
of the polysaccharides from strains belonging to groups III, IV, and V than in the 
case of groups I and II. The lowest figure (-f- 37'9°) is found in polysaccharide 
W164: and the highest ( -}- 118‘4°) in No. 1894. The range of figures for nitrogen 
is from 1‘5 to 3‘2 per cent which is of the same order as in the strains isolated in the 
latter part of the epidemic. The values of maximum hydrolysis are usually high, 
ranging from 68*6 per cent for H25 to 41*5 per cent for TI4. All the strains of 
groups III, IV, and V examined have uniformly been found not to develop 
opalescence upon the addition of acid to their pol 3 ’’saccharide solutions. Accordingly, 
they do not contain the lipoid component which we have found to be present in 
freshly isolated strains from cases of cholera in the beginning of an epidemic. 

Table II also gives the figures for Inaba variant polysaccharide, for compari- 
son. They have already been reported (Linton, Shrivastava and Seal, loc. cit.). 
Nitrogen and hydrolysis figures are like those of the strains of groups III to V. 
The acetyl-group content is high at 12'8 per cent. The strain does not possess 
the lipoid factor. 


Discussion of the chemical findings. 

From a study of the data presented in Tables I and II, it is clear that the 
vibrio strains isolated in the beginning of an epidemic and examined soon after 
their isolation are chemically distinct from those isolated from cases in the latter 
part of the epidemic, or from water and other sources. The latter strains seem to 
have a higher acetyl-group content, lower nitrogen, and a higher percentage of 
hydrolysis than the former ones. It would appear that in the case of the vibrios, 
a high acetyl content is not a sign of pathogenicity, since water and carrier 
strains have much higher acetylation than strains from cases. 

Of more significance, however, is the observation of the presence of a lipoid 
constituent in strains isolated in the early part of an epidemic. This factor is 
either much diminished or completely absent in strains from the latter part of the 
epidemic and is totally wanting in non-cholera strains. The lipoid complex is 
also absent in strain Inaba ‘ T ’ which has been cultivated on artificial media for a 
long time, although originally from a case of cholera. There appears to be some 
relationship between this complex and pathogenicity, and the observation of its 
presence recalls that of Topley et al. (1937), on mouse-typhoid and other strains, 
where a phospho-lipoid compound has been found in antigenic fractions. These 
lipoid fractions in the vibrios need further investigation. 

The results obtained in this part of the work will be discussed further below 
in the light of the serological findings. 


Serology of the specific polysaccharides. 

Preparation of antisera. — Eighteen-hour cultures of vibrios on agar slopes 
were washed in normal saline and after adjusting the concentration of organisms 
per C.C., were injected intravenously into rabbits. The first dose was 500 millions 
of living vibrios, but it was gradually increased to 5,000 millions during the course 
of the following injections. One course consisted of 3 injections on alternate days, 
followed by a rest for a week. Usually three such courses had to be given, but m 
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certain cases 6 or 6 courses were required before good precipitin titres were obtained. 
Animals were bled a week after tire last injection, and the sera diluted with one 
volume of sterile normal saline and preserved in a refrigerator after adding 
Merthiolate to make its final concentration 1 ; 15,000. 

Precipitin reactions . — Tubes slightly longer and less tapering than the usual 
Dre)mr’s tubes were used for carrying out the tests. Solutions of polysaccharides 
of the required dilutions and the antisera were mixed in equal volumes in the tubes 
and incubated in the water-bath at 52°C. After 2 hours they were removed and 
put into the refrigerator overnight and readings taken the following morning. The 
final serum dilution in every case was 1 in 10. 

Each antiserum was set up against solutions of various dilutions of the 
homologous as well as of all the heterologous polysaccharides. The results with 
the homologous polysaccharides are given in Table III. The dilutions of poly- 
saccharides usually tried were from 1 ; 2,000 to 1 ; 4 millions, each higher dilution 
being twice the preceding. In special cases dilutions higher than 4 millions were 
also tried. 

In general, the homologous precipitin titres with these antisera ranged from 
1 : 250,000 to 1 : 2 millions. Three of the strains fell below this range, two of them 
probably because too few injections were given. The third, No. 330, did not show 
a good titre even after five courses of injections, and these poor titres were obtained 
in three successive rabbits, although numerous injections were given to each. It 
is possible that some factor in the strain itself, rather than in the animals, is 
responsible for this result. Three of the strains showed titres of 4 millions, 
4 millions, and 16 millions, respectively. 

The results with heterologous reactions are given in Tables TV and VI. The 
heterologous titres are expressed as percentages of the homologous titre of the 
serum, i.e., the homologous titre is taken as IOC per cent and the heterologous 
titres based as percentages on this figure. Any titres below 12'5 per cent have 
been arbitrarily put down as negative. It may be pointed out in explanation 
of this course that even in those cases where the homologous titres are four millions 
or above, the reactions put down as negative did not in any case exceed 5 or 6 
per cent. 

Table IV gives the percentage titres of all the antisera against the polysacch- 
arides from strains of groups I and II. It will be seen that these polysaccharides 
react neither with the antisera of water strains, nor with the antisera for H5, ] 894, 
and Inaba variant, which belong to groups IV, IV and V mixed, and VI, res- 
pectively. There is a certain amount of significant cross-reaction of H4 and H25 
antisera with groups I and II polysaccharide, for which we cannot find any 
explanation at this stage. 

A^Tiile discussing the chemical data above it was pointed out that strains iso- 
lated in the first part of an epidemic differed from those isolated in the latter part 
with the exception of strain 334, which had been isolated in the latter part. The 
serological data in Table IV show again the anomalous position of this strain, and 
the distinctness of the whole ‘ early ’ group of organisms. Designating these 
early strains and strain 334 as group A and the later ones as group B, it will be 
seen that there are 6 antisera in group A, which have been set up against 7 
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polj-saccliarides of tlie same group, giving a total of 42 reactions. Tlie antisera 
of group A have also been set up against 5 polysaccharides of group B, and the 
number of heterologous reactions is thus 30. 'Similarly, the homologous cross- 
reactions in group B number 25 and the heterologous number 35. If we tabulate 
the various degrees of reaction and calculate the percentages of the total number 
of cross-reactions in any particular set, we get the result shown in Table V. 

It is evident from Table V that the figures for the liomologous reactions in 
both A and B are similar in that the highest figures in both cases are for the ICO 
per cent reaction. For the heterologous reactions, however, the case is reverse. 
The figures for the 100 per cent reactions are the lowest, whereas the figures for 
no reaction are the highest. There is accordingly a distinct degree of group 
specificity in the groups A and B and although cross-reactions do occur the 
two groups are quite distinct. The chemical basis for the cross-reactions are 
discussed below. 

Table VI gives the reactions of all the antisera against the polysaccharides 
belonging to groups III, IV, V, and VI. 

The results given in Table VI show that the water strains of group III are 
distinct from the other strains. Similarly, the polysaccharides from groups IV, 
IV and V mixed, and VI do not react wdth the antisera to groups I and II. The 
only marked exceptions are strains H4 and H25. There is almost no cross- 
reaction within group III, but there is a fair amount within the groups IV and 
IV and V mixed. The polysaccharide from Inaba variant (group VI) reacts only 
with its own antiserum. 


Attempts to pbepare antisera to polysaccharioes. 

Various attempts were made to prepare antisera to polysaccharides to deter- 
mine if such sera would be specific. The chosen polysaccharide was well mixed 
with its homologous antiserum and after standing in the cold for 24 hours was 
injected intravenously into rabbits. The dose began with 1 c.c. made equivalent 
to 1 mg. of polysaccharide, and injections were given on alternate days. The dose 
was gradually increased to 8 mg, during the course of the next 6 or 8 weeks. Ee.st 
for a week was allowed after every three injections. As no titres were obtained 
by this method, the polysaccharide was mixed with ox-serum and injected into 
rabbits as before but this method also did not yield sera having any definite 
precipitin antibodies. Better results might be achieved by using other experi- 
mental animals, e.g., mice, as in the case of pneumococcus polysaccharide (Avery 
and Goebel, 1933), and some other route of injection. In this connection it is of 
interest to note that some of the polysaccharides were highljy toxic to rabbits, and- 
tliese were frequently, although not exclusively, of the lipoid-containing type. 


Discussion. 

The chemical and serological results described above have confirmed our- 
previous findings that, cholera strains are quite distinct from strains from other 
sources. It has been established that the two groups from cholera cases cross- 
react to a certain extent, but not completely, thus confirming their relationship as 
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shown in the chemical studies. These two groups are chemically and serologically 
distinct from groups III, IV, and VI. Group III is distinct from all the other 
groups. Two strains of groups IV and V react with groups I and II, while the 
third (1891) does not react. 

Among the cholera strains, the presence of two tj^es has been demonstrated. 
Thej’^ differ from each other both chemically and serologicalty. One factor respons- 
ible for these dift’erences is a lipoid-polysaccharide complex, which appears to be 
present only in strains freshlj’- isolated in the early part of an epidemic. If we 
represent the polysaccharides of lipoid-containing strains belonging to groups 
I and II by Ci -b L and C 2 4- L, where Ci and Co stand for the two types of 
carbohydrates, and L stands for the lipoid component, we see that Co L reacts 
better with antisera belonging to strains containing Ci -j- L than with antisera 
against strains containing Co only. Thus, it would appear that in the lipoid-poly- 
saccharide complex, it is the lipoid portion that dominates specificity. When the 
lipoid is absent the specificity is determined by the pol}'saccharide. More detailed 
work is necessarj^ on the lipoid factor to determine both its relationship to 
virulence and to specificity. 

It is of interest to observe that the strain Inaba ‘ T which is an old 
laboratory strain originating from a case of cholera, is not the same in all respects 
as a freshly isolated strain. The lipoid complex is absent, and the nitrogen 
and acetyl percentages differ, although tl e strain is still positive to ’Inaba ‘ 0 ’ 
antiserum. That such changes occur emphasizes the necessity of using freshly 
isolated cholera strain in any study of antigenic structure. It would be of interest 
to study the possibility of regenerating the polysaccharide-lipoid complex in old 
laboratory strains. It is quite possible that the observed changes in chemical 
constitution may have a bearing on the usefulnecs of strains in preparing 
vaccines. 

The cross-reactions between the two tjqres of strains from cholera cases is to 
be expected from a consideration of their polysaccharides. Both of these have 
the same aldobionic acid, although differing in having, in addition, galactose in 
one and arabinose in the other. The haptens are thus closely related although 
not identical. A further step in the study of these cross-reactions would include 
quantitative estimations of the amount of precipitin antibodies present in anj’^ 
particular antiserum by precipitating it uith homologous polysaccharide and 
comparing it with the amounts precipitated with heterologous polysaccharide 
(Heidelberger, Kabat and Shrivastava, 1937). Kecentlj-, Lancefield (1938) has 
reported the presence of related but not identical t}'pe-specific substances in two 
closely related tj-pes of group B. h®molytic streptococcus. 

Our present serological results have further shown that polysaccharides of 
group II and group III organisms are different, although both of them contain 
the same aldobionic acid and arabinose. More detailed work is needed to deter- 
mine the structure of these two more closely. 

The water vibrios are less homogeneous than the group I tind group II strains. 
Tliis observation is similar to that of numerous workers, who have found much 
heterogeneity in this group. 

In conclusion, we may point out various lines in the study of vibrio 
antigenic structure which require further study ; (1) The function of the 
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lipoid-polysaccharide complex, witli especial reference to its relationship to 
pathogenicity. (2) The possibility of producing the lipoid fraction in strains in 
which it is absent. (3) The application of the quantitative method to the 
precipitin reactions studied in this work, with a view to clearing up the cross- 
reactions, and putting them on a quantitative basis. (4) The proteins and 
their role in vibrio serology. For this study, protein fractions should be isolated 
by the recently developed methods used with other organisms. 


Summary. 

1. Specific polysaccharides have been prepared from 23 strains of vibrios 
belonging to various chemical groups and their chemical and serological properties 
studied. 

2. Precipitin reactions between the polysaccharides and antisera to the 
whole organisms indicate that in general the serology expresses the underlying 
chemical pattern of these organisms, and indicates the same groupings as the 
chemical analysis. 

3. The presence of two chemically and serologically distinct types has been 
shown among the cholera strains. The chief point of difference is that the 
strains from the early part of the epidemic contain a lipoid-polysaccharide 
complex, which is absent in strains obtained from the latter part of the 
epidemic, in strains maintained for a long time in the laboratory, and in 
water and carrier strains. The probable importance of this complex has 
been emphasized. 

4. Water vibrios and carrier strains have been shown to be heterogeneous 
among themselves. 

5. The importance of using freshly isolated strains in the study of the 
antigenic structure of the vibrios has been emphasized. 

6. Some lines along which this work might be continued are pointed out. 
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Table I. 


Strain. 

Chemical 

group. 

Yield 

per 

litre, 

mg. 

Ash 

per 

cent.* 

Specific 

rotation 

! [“iDt 

■ 

1 

per 

cent.f 

Acetyl 

group, 

per 

cent.f 

Maximum 
hydrolysis 
per cent.f 

Remarks. 

202 

- I 

1-9 


+ 85‘5 

5'9 

1-4 

32-8 

Marked opalescence 

on the addition of 
H.SOj to aqueous 
solution. 

179 

I 

2*7 

5-8 

+ 74-9 

4-7 

1-3 

46-1 

Do. 

196 

I 

2-6 

7-8 

+ 136-9 

7-1 

2-1 

38-7 

Do. 

198 

I and II 

2*7 


+ 80-6 

5-5 

0-0 

42-8 

Do. 

176 

II 

1-9 

7-8 

+ 120-0 

9-1 

2-6 

31-2 

Do. 

200 

II 

2-8 

7-7 

+ 82-7 

8-0 

1-3 

34-7 

Do. 

334 

II 

3-8 

5-8 

+ 94-1 

6-9 

3-7 

43-4 

Do. 

319 

II 

2-4 

5-2 

+ 84-5 

3-1 

2-8 

59-0 ' 

[ 

Very slight opales- 
cence. 

322 

II 

4-0 

5-4 

+ 90-5 

3-2 

3-3 

54-8 

Do. 

330 

II 

1-9 

4-8 

+ 95-2 

2-4 

4-7 

63-4 1 

Do. 

315 

II 

4-0 

4-6 

+ 91-1 

1-4 

2-6 

56-1 

No opalescence. 

Inaba ' T 

n 

2-7 

5-1 

+ 83-2 

1-8 

6-3 

55*9 

1 

1 

Do. 


* As Na.O. 


t Calculated on asli-frec basis. 

Hydrolysis rvas carried out in K/1 HjSO, in sealed tubes in boiling rvatcr-bath 
ot reducing substances u-ere made by the Hngedom and Jensen method and tbc results 
terms of glucose. 


Tlie estimations 
arc expressed in 


3, MR 


4 
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Tabi.k it. 


Strain. 

Chemical 

group. 

Yield 

per 

litre, 

mg. 

Ash, 

per 

cent,* 

Specific 

rotation 

[“bt 

i 

j)cr 

1 cent.f 

j Acetyl 

1 group, 

1 [ler 
j ccnt.l 

1 

1 

i 

i\[a^im1lIn 
hydrol^-sis, 
1 per cent.f 

1 

1 

1 

, llUMAIiKS. 

W132 

lit 

1 

1 

2-9 

1 

5-7 

1 

1 1 

+ 43-S 

1 i 

! 2-7 

i 

i 

. . 

49-1 

1 

j No opalescence. 

( 

( 

W13S/2 

III j 

! 

4*0 ! 
1 ^ 

6-0 

t 

1 j 

-1- 59-5 

i 

2-5 

1 

4-9 

48-0 

J Do. 

W139/2 

III 

i 

3-7 

1 6-5 

+ so-c 

1 

1 

1*6 

12-9 

47-4 

j Do. 

W164 

1 III 

j 

i 

9-6 

G-G 

+ 37-9 

1-7 

1 

7-5 

G7-0 

’ Do. 

\V182 

HI 

1 

10-5 

G-1 

-f 71-7 

2*2 

rj-4 

57-2 

Do, 

Will 

, HI and IV 

t 

1 9-5 

! 5-4 ' 

d- 96-4 

1-5 : 

j 

5-0 

67-2 

Do. 

WI15/5 

1 

1 

IV 

3-7 

.^•0 

+ CM 

3'2 

I 

i 

61-0 

Do. 

H5 

IV 

1 

3-3 

i 6-5 

+ 42-4 

1 

5-4 

48-6 

Do. 

H4 

IV and V 

1-5 

t 

1 

1 

-1- S4-S 

2-9 

3-9 

41-5 

Do. 

H25 

1 IV and V 

! 

0-6 


+ 87-5 

I 

1 

•• 

68-C 

Do. 

1894 

1 

IV and V 

10-2 

4-4 

+ 118-4 

3-1 

5-7 

58-2 

Do. 

Inaba 

variant. 

VI 

16-4 

5-9 

+ 53-0 

3-2 

; 12*8 

65-8 

Do. 


* As Na^O. 

f Calculated on ash-free basis. 

Hydrolysis was carried out in N/1 H.SO, in sealed tubes in boiling water-bath. The cstimafioiw 
of reducing substance were made by the Hagedorn and Jenson method and the results are o.vpr 
terms of glucose. 
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Table III. 


Strains. 

Chemical 

groups. 

Homologous 

titres. 

202 

I 

o 

X 

o 

o, 

179 

I 

2-5 X 10= 

196 

I 

2-5 X 10= 

19S 

I and IT 

2-0 X 10" 

176 

II 

2-5 X 10'- 

334 

II 

2-5 X 10= 

319 j 

II 

2-0 X lO" 


11 

O 

X 

o 

o 

CO 

CO 

II 

0-4 X 10' 

315 i 

II 

2-0 X lO'’ 

1 

Inaba * T ’ 

I 

1-0 X 10’ 

W132 

; III 

5-0 X 10' 

■\V138/2 

III 

4-0 X 10’ 

W 139/2 

III 

1 

6-4 X 10* 

W164 

I ni 

1 

6-4 X 10* 

W182 

1 HI 

1 

1-0 X 10* 

IV 115/5 

1 IV 

4 0 X 10’ 

H5 

1 

5-0 X 10' 

H4 

i IV and V 

j 

2-5 X 10' 

H25 

IV and V 

2-5 X 10' 

1S94 

IV and V 

5 0 X 10' 

Inaba 

variant. 

n 

i 

10-0 X 10’ 


Table IV. 


•(JA) 

quiujtiA ■uq'uuj 

' P^^ Al) T-fiSI 

' '(A 

. AI) CoH 

'[(A P«»Al)fH 

(AI) SH 
I (Al)p/f?ITAV 
1 (III) S 8 IA\. 


! (Ill) I’9IAV 


(III) c/OSIAV 


(III) 0 / 88 TAV 



0 

0 

0 

0 

0 

0 

0 

0 

1-0 

»o 

10 

0 

Cl 

Cl 

Cl 

»o 

Ip 

Ip 

lO 

»p 

Cl 

Cl 

C) 

Cl 


o o o 


o o o 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


o i'i C'l 
Cl Cl 


IC O O Cl 

Cl Cl Cl 



o o o o 


o o o 


o o o o o 


o o o o 

o o o o 


o o o o 


IC ^ 


o o o 

o o o 


50 

12 - 

12 - 

<M 

0 

10 

10 

Cl 

Cl 




ip 




10 

0 

0 

(h 

10 

0 

10 

Cl 



rH 

Cl 

10 

Cl 

10 





10 


Cl 

0 

0 

»o 

0 

Cl 

10 

p- i 



<N 

10 

t— * 

Cl 


(II) srs 


(II) 088 




1 

(ft) fiTP 1 C M o »o o lo ic 

Ml/ UlO ^ Cv) ^ 


lO lO lO 

(TT) fPR Cl Cl Cl o lo o o 

MX/ too ^ iC3 d lo O 

I 


(ll) 9il 


(ll pu^f I) 861 


(I) 961 

(I) 6 il § § ® § § § ® 


o o o o o 

o o o o o 


o »c o o o 

Cl o 


O O O O cj 

O »C l.c o 


0 0 0^5 

O O O 


O O O O o 

o o »o 


618 

! 

i 25 

Cl 

pM 

0 

25 

0 

10 

f 88 

Ip 

Ip 

Ip 



Cl 

Cl 

Cl 

0 

»o 

l-M 

p— i 

p-< 

»o 

Cl 


o o o o 
o 


o o o o 
lO O ic o 


O ic O Cl 
o Cl O rH 


1 C 

O (N 
lO 


Ip 

lO Cl 
Cl 


0 

0 

0 

0 

10 

0 

rW 

0 

»o 

10 

Cl 

10 

10 

lO 

10 

0 

Cl 

Cl 

Cl 

Cl 

10 


0 

0 

LO 

0 

0 

0 

*o 

10 

0 

10 

0 

0 

Cl 

10 

Cl 

10 

10 


»o 




0 

Cl 

0 

0 

0 


1 C >P 

o d o o Cl 


‘sapja'cqoovs^pj 


100 

25 

25 

1 

50 

! 

25 

0 

0 

p>^ 

0 




CT 


PT 





M H-{ 

H-* 


M 




00 a 




Cl 

0 

CO 

CD 

0 


0 


0 

05 g 


0 

C'O 

Cl 

r-i 

pH 

I-* 

rH 

Cl 

CO 


10 

0 

0 

0 

10 

Cl 

0 

10 

10 

Cl 


O) Cl O 1 C 

r -4 Cl CO *-*1 

CO CO CO CO 


M C 3 

..Q- 

lO c 3 ^ 


* Figures within brackets indicate the chemical 
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Table V. 


! 

PERCENTAGES OF THE TOTAL NUI^rBER OF 
CROSS-REACTIONS SET UP. 

Degree of 
cross-reaction, 
per cent. 

Groop a. 

Group B. 

Homologous. 

1 

Heterologous 
against group 
B. 

Homologous. 

Heterologous 
against group 

A. 

100 

i 

31-0 

3*3 

1 

40-0 

00 

60 

21-4 

1 

1 26-7 

i 

28-0 

17-1 

25 

14-3 

1 

26-7 

160 

28-6 

12-5 

! 

14-3 

10 0 

00 

22 9 

0 

19-0 

1 

i 33-3 

16-0 

31-4 




Table VI. 



•(lA) 

qinujL'A uq'cuj 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

100 


(AP««A])TG8I 

o 

o 

o 

o 

o 

o 

\p 

Cl 

o 

O Cl 

50 

100 

o 


(AP««A1)C(:H 

o 

o 

o 

o 

Cl 

o 

o 

o o 

Cl 

o 

o 

o 

o 

# 

o 


(A P»« AI) T’H 

O 

o 

o 

o 

o 

o 

o 

o 

o o 
o 

o 

o 

o 

o 


(Al) SH 

o 

o 

o 

o 

o 

o 

o 

o o 
o 

o 

lO 

o 

o 


(AI) S/UIIAV 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


(III) ?8IA\ 

o 

o 

o 

o 

o 

o 

f*H 

o 

o 

o 

o 

o 

o 

o 


(ill) fOlAV 

Cl 

o 

o 

o 

o 

Cl 
»— < 

o 

o 

o 

o 

o 

o 

o 


(III) S/GCIAV 

O 

o 

o 

o 

Cl 

ip 

Cl 

ip 

Cl 

o 

o 

o 

ip 

6^ 

o 

o 


(ill) S/SSIAV 

o 

100 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

w 

rn 

(III) S8IA\ 

100 

o 

o 

o 

Cl 

*-«» 

o 

o 

o 

o 

o 

o 

o 


(ll) < X . 

O 

o 

o 

o 

© 

o 

o 

o 

o 

o 

o 

o 


(ll) SIS 

O 

o 

o 

o 

o 

o 

o 

Ip 

o (h 

l-H 

o 

o 

o 


(II) OSS 

o 

o 

o 

o 

o 

o 

o 

0 

12-5 

o 

o 

o 


(ll) ZZS 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


(ll) CIS 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


(II) lES 

o 

o 

o 

o 

o 

o 

o 

0 

25 

o 

o 

o 


(ll) 9il 

o 

o 

o 

o 

o 

o 

o 

o 

o 

lO 

d 

o 

o 


(II P«« I) 861 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

•o 

o 


(I) 961 


o 

o 

o 

o 

o 

o 

o 

o 

ip 

Cl 

rH 

o 

o 

» 

(l) Oil 

o 

o 

o 

o 

o 

o 

o 

o 

o 

12-5 

o 

o 


*(l) ZOZ 

o 

o 

o 

o 

o 

o 

ID 

Cl 

0 

12-5 

50 

o 

o 


•S3pi.lBtlOOU9/CiO^ 

W132 (III) 

W13S/2 (III) 

Pi 

»-( 

Cl 

Ci 

CO 

W164 (III) 

W182 (III) 

WI71 (III 
and IV). 

W115/5 (IV) 

H5 (IV) 

H4 (IV) 

H25 (IV and 
V). 

1894 (IV and 
V). 

Inaba variant 
(VI). 


Figures within brackets indicate the chemical groups. 
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THE DETECTION OF MALNUTRITION BY MEASUREMENTS 
OF ARM, CHEST, AND HIP. 

BY 

W. R. AYKROYD,! 

K. B. MADHAVA,2 

AND 

K. RAJAGOPAL.3 

{Nutrition Besearch Laboratories, I. R. F- A., Coonoor, S. India.) 

[Received for publication, March 31, 1938.] 

In an earlier paper (Aylcroyd and Rajagopal, 1936) an investigation of the 
state of nutrition of school children in South India was reported. It was observed 
that certain symptoms associated with diet deficiency — angular stomatitis, Bitot’s 
spots (xerophthalmia), and ‘ phrynoderma ’ (follicular keratosis of the skin) were 
common in the children examined. The American A. C. H. index of nutrition, 
based on measurements of arm, chest, and hip, was applied to the same group, 
and it was found that some 25 per cent was ‘ selected ’, whereas the index is said 
to ‘ select ’ only some 10 per cent of groups of average American children. Now 
it is to be observed that the term ‘ selected ’, as applied to Indian children, ma)'' 
mean precisely nothing. AYe have taken a system of measurements based on 
American children and used it on children of a different race, and it cannot be 
assumed that a system which purports to puck out malnourished children in 
Massachusetts will do the same in Madras. To throw light on this question, the 
association between ‘ selection ’ by the index and the presence of deficiency 
disease was investigated. The following figures summarize the results : — 


i 

Number of 
children 
investigated. 

1 

Number and ' 
per cent 
] selected by 

I the A. C. H. 
index. 

; ! 

Number and 
per cent 
sbon ing 
clinical 
j signs. 

Per cent 
of those 
showing 
signs 
selected. 

Number not 
showing 
clinical j 

signs. ! 

Per cent of 
those not 
showing 
signs 
selected. 

921 boys 

224 girls 

1 

1 294 

/ (25' 1 per cent) ] 

1 ! 

235 

j (20-5 per cent) 

G3-8 ' 

910 

(79-5 per cent) 

15-8 


■’ Nutrition Re=:earch Laboratories, Coonoor. 
Professor of .Statistics, University of Mv.sore. 

( -55 ) 



56 Detection of Malnnirition hij Measurements of Arm, CJiest, and Hip. 

The index ‘selected' 63 ‘8 per cent of children with signs as compared with 
15 ‘8 of children Avithout signs. It Avas, tliorefore, CAddent that the index, although 
it is based on the measurements of American children and appears at first sight 
unlikely, for a number of reasons, to be applicable to Indian children, does tend 
to ‘ select ’ South Indian children aa-Iio arc suffering from malnutrition evidenced 
b)^ signs of deficienc}’' disease. 

This Avas the starting point of the present investigation. We felt that the 
above figures Avere interesting and remarkable, and that the aa’IioIc question aams 
A vorth further study. The present paper describes further iiiAmstigations of the 
association betAAmen arm, chest, and hip measurements and deficiency disease, 
and of the question Avhether the A. C. H. index is applicable in India. 

The problem outlined. 

Some preliminary discussion of the problem is desirable. Many numerical 
measures or indices for assessing ‘ state of nutrition ’, or Avhat amounts to ver}^ 
much the same thing, ‘ detecting malnutrition have been deAused. There is a 
general consensus of opinion that in practice these have all proAmd unsatisfactory. 
In the U. S. A. it is customary to assess a child’s state of nutrition by comparing its 
‘ Aveight for height ’ Avith standards based on the measurement of large numbers of 
healthy children. A child who falls 7 or 10 per cent beloAV the standard is described 
as suffering from ‘ malnutrition ’. A growing realization of the fallacies inherent 
in this practice led Franzen (1929) and Franzen and Palmer (1934), working on 
behalf of the American Child Health Association, to attempt a neAA"^ approach to 
the problem. The A. C. H. index (A = arm, C = chest, H — hip) is the result 
of their work. Its rationale is as follows : A large series of children (over 10,000) 
was examined and their state of nutrition assessed clinically by experienced 
psediatricians. In the same children a very complete set of measurements was 
taken, including height, A\might, shoulder breadth, hip width, chest width and depth, 
arm and calf girth, and thickness of the subcutaneous tissue in different parts of 
the arms and legs. By statistical treatment the correlation betAveen clinical 
malnutrition and the various measurements was Avorked out. Ultimately it was 
found that a certain relationship between arm, chest, and hip measurements Avas 
associated with a diagnosis of malnutrition, other measurements being discarded 
as unnecessary for most practical purposes. In practice the observer measures 
the circumference of the right arm at the highest point of the biceps -Avith the 
forearm flexed and extended* ; the anterior-posterior diameter of the chest during 
inspiration and expiration ; and the width of the hips from trochanter to trochanter. 
He then consults a chart which gives ‘ the minimum difference between arm girth 
and chest girth ’ for the known hip width of the child. If the difference between 
the sum of the two arm measurements and the sum of the two chest 
measurements is less than the figure on the chart, the child is ‘ selected ’ as 
suffering from malnutrition. The index, then, purports to pick out children to 
whom an experienced physician would affix the label ‘ malnutrition ’. Sucli 
children are said to have ‘ small amounts of musculature and fatty tissue relative 
to body-build ’. Statistical analysis revealed that American physicians, in assessing 


* We liave used the term ‘ extended ’ in preference to Franzen and Palmer’s term ' relaxed . 
‘ Extended ’ in the present paper means extended in the relaxed position, i.e., hanging. 
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state of nutrition, pay more attention to the state of muscular and adipose tissue 
than to any other signs or symptom. We shall, however, show later that the 
A. C. H. system is in fact concerned less with the amount of muscle and fat relative 
to hody-build than with other bodily changes associated with malnutrition. 

The original A. C. H. chart is given in Table I. It is stated to apply to the 
age group 7 to 12. The following is an example of the method of using it : Suppose 
a boy’s hip width is between 23-0 cm. and 23-4 cm. If the difference between 
arm girth and chest depth is less than 3'3 cm., he is ‘ selected ’. 


Table I. 

The A. 0. H. chart. 


(American criterion table to select 10 per cent.) 


Boys, 

GniLS. 

Width of hips 
(cm.). 

Mniimura 
difference 
between 
arm girth 
and 

chest deptli 
(cm.). 

Width of hips 
(cm.). 

Minimum 
difference 
hetu een 
arm girth 
and 

chest depth 
(cm.). 

Below 20’0 

0-0 

Below 20-0 

0-5 

20-0-200 

0-0 

20-0-20-4 

1-5 

20-5-20-9 

0-4 

20-.7-20-9 

1-6 

21-0-21-4 

1-0 

21-0-21-4 

2-1 

21-.')-21-9 

1-6 

21-5-21-9 

2-6 

22-0-22-4 

2-2 

22-0-22-4 

30 

22-5-22-9 1 

2-7 

22-.'}-22-9 

3-4 

23-0-23-4 

3-3 

23-0-23-4 

3-8 

23-5-23-9 

3-6 

23-.'>-23-9 

4-2 

24-0-24-4 

4-2 

24-0-24-4 

4-r> 

24-.5-24-9 

4-7 

24-5-24-9 

4-8 

25-0-25-4 

5-] 

25-0-25-4 

rri 

25-5-25-9 

5-6 

25-0-25-9 

.’3-4 

20-0-26-4 

60 

26-0-2fv4 

3’G 

26-.';-26-9 

6-3 

26-5~26-9 

.'3-8 

27-0-27-4 

6-7 

27-0-27-4 

6-0 

27-5-27-9 

7-0 

27-5-27-9 

6-1 

2S-0-2S-4 

7-3 

2.S-0-28-4 

6-2 

2S-.5-28-9 

7-6 

28-5-2S-9 

6-3 

20'0 and 
over. 

7-9 

29'0 and 
over. 

6-4 


In the construction of the original index the diagnosis of malnutrition was 
made by general clinical assessment. In the present work a different criterion 
was used, namely, the presence- of clinical sions of deficiency disease. Let us 
assume that long-continued malnutrition, caused by defective' diet, will tend to 
produce changes in the structure of the body which can be recorded by external 



CO Deiccdon of Malnvhihon hy Mcasitrcmcnis of Arm, Chest, ami Hip. 

In the earlier paper (Aykroyd and I^aja^opal, Joe. cil.) we recorded an 
impression that in general the state of nutrition of <firls was better than that of 
boys, Tliis was certainly the case in some schools. But an analysis of tlie 
sex incidence of signs in the first series does not substantiate this impression. 

Per cent. 

Of 3,232 boys 514 showed signs = I5'9 
„ 510 girls 72 ,, = 14-12 

The smaller incidence among the girls is not statistically significant. 

These figures in themselves illustrate the wretched state of nutrition of poor 
Soutli Indian children. 


The A. C. H. inde.'c. — 23*9 and 24 ‘4 per cent were ‘ selected ’ in the first and 
second series respectively. Tlie as.sociation between ‘ selection ’ and deficiency 
disease was observed througJiout, as the following figures show : — 




Number of 
cliildren. 

Number 

and 

per cent 
‘ selected 

Number 

and 

per cent 
showing 
signs. 

Per cent 
of those 
showing 
signs 
selected. 

Number 

and 

per cent 
f/oJ .‘showing 
clinical 
signs. 

Per cen. 

, of those 
vol 

shoeing 

signs 

selected. 



a, 742 

887 

586 

75'7 I 

.3,156 

14-0 

First series . . - 

1 

3,232 boys ■ 

i 



1 



. 1 

.510 girls , 

(23-7 per cent) 

(1.5’7 per cent) 

1 

(84’ 1 per cent) 





221 

153 

' SO-4 

751 

^ 13-5 

.Second serie<s . . 


901 boys • 







i 


(24'4 per cent) 

; (10’9 per cent) 


(83-1 per cent) 


ToTAn 

1 

i 

4,646 

23'8 per 

15’9 per 

76‘7 per 

84-1 per 

13-9 per 

N 



cent. 

cent. 

cent. 

cent. 

cent. 


Statistical analysis.* 

Material. 

The data for analysis consisted of records of the examination of 3,232 boys 
and 510 girls (first serie.s) and 904 boys (second series). These records were made 
on cards (one for each child) and included the following : (1) Age. (2) Arm 
girth (a) flexed and (6) extended, and (c) the total of these two measurements. (3) 
The anterior-posterior diameter of the chest at (o) expiration and (6) inspiration, 
and (c) the total of these two measurements. (4) Hip width. (5) Difference 
between totals of (2) and (3). The presence of one or more of the tliree signs- 
angular stomatitis, Bitot’s spots, and phr.ynoderma— was indicated by inserting 
a plus mark on the card against the names of the signs. 


* Carried out lij’" K. B. Madhava. 





TF. R. Aykroyd, K. B. Madhava and K. Rajagojial. 


61 


Age. 

Age, as entered in school records, was noted in all cases. In the tables which • 
follow all children whose ages were recorded as 10 }^ears and so many months were 
placed in age group 10-11, and the same for other ages. The mean age of this 
group is assumed to be 10-5 j’^ears, and the attributes ascribed to lO'S years should 
be taken as relating to this age group. The lowest age recorded was 5, and 
highest 16. but in the range 6 to 14 more than 99 per cent of the children were 
included, while all but the extreme 19 per cent fell between 7 and 12, The mean 
ages for children ‘ affected ’ and ‘ free with related statistical constants, are given 
in Table II. The actual frequency distributions for each year of ‘ free ’ and 
‘ affected ’ children (first and second series) are given in Table A of the AjjjJendix. 


Table II, 


Mean age wilh stalislical constants. 




Jtean and 
standard 
error. 

Standard 
deviation 
and standard 
error. 

Pint series. 

1 (1) Affected 

9-89±008 

i 

i 

1*85±0*06 

Boys 

1 (2) Free . . 

9'44±0'04 

l-83±0-03 


( (1) Affected 

9-14±0-24 

2-02±0-17 

Girls 





1 (2) Free . . 

905±009 

l-93±0-0r) 

Second 

series. j 

I (1) ASected 

1 

9-37±0-13 

l-57±009 

Boys 



1 (2) Free . . 

8-96±0-06 

]'r)9±0-04 


It will be noted that on the average the boys in the second series were about 
half a }^ear younger than those in the first series ; their ages were also less variable, 
which is probably due to the fact that they were attending a homogeneous group 
of schools in Madras. The average age of the girls is similarly lower than that 
of the boys in the first series ; a lower average age for girls is a characteristic 
of the school-going population in India. More striking is the higher averase a«e 
of the ‘ affected ’ children as compared with that of the ‘ free ’ children."^ Tins 
might be taken to imply that the clinical signs looked for are more common in, or 
perhaps more prominently visible in, senior children, but the difference in the 
means are not statistically significant except in the case of the boys in the first 
scrie.s. It is to be observed that the recorded age of school children of the 
poorer classes in India is subject to a high margin of error, but presumably the 
effect of such errors would be distributed constantly throughout the groups. 
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A rm vicasurcmcnl.s, 

Ann measurements recorded consisted of flic circumference of the arm (a) 
in the flexed position, [h) in t.lic extended ])osiiion, and (c) the total of tlicse 
measurements. In Ta])lcs B, C, and J) (Ap/uindir) frcfjucncy distributions are 
given by ranges of one cm. Tlic mean value of tlie measurements of all the 
children included in a given range is the middle jioint of the range. The means 
with standard error and standard deviation u'itli standard error are given 
in Table III 


Table III. 

Mean arm girths mth statistical constants. 


Muan wmi .sTANDAnn imnon. t^TA^'uAlm ur.viATios vitii 

I STAND.VEIJ EKROR. 





' Flexed. 

E.\: tended. 

Total. 

1 

Fle.xed. 

1 

E.vlendcd. 

Total. 

First series. 





! 

1 




f (1) Affected 

-1 

1-1-SQ 

14-11 

28-60 

1-68 

1-57 

3-33 

Boys - 

1 

1 

±0-07 

±0-07. 

±0-1.3 

±0-0, 3 

±0-05 

±0-11 


1 (2) ]'ree 


14-97 

14-09 

28-77 

1-54 

1-44 

2-98 


• « 









±0-03 

±0-03 i 

±0-06 

, ±0-02 

±0-02 

±0-04 



1 

•• 1 

15-57 i 

1 

1 

14-GS 

30-08 

i 

1-59 

1-42 

3-04 

Girls 

j (1) Affected 

4-0-19 i 

1 

±0-17 

±0-36 

±0-14 

±0-12 

±0-25 



f 

15-60 

14-64 

29-93 

1-85 

1-.39 

3-22 


(2) Free 

•' 1 

±0-09 

±0-08 

±0-36 

±0-06 

±0-06 

±0-11 

Second series. 









r (1) Affected 

1 

1 

•' 1 

14-11 

13-47 

27-17 

1-26 

1-18 

2-45 

Boys - 

±0-10 

±0-10 

±0-20 

±0-07 

±0-07 

±0-14 



1 

^ (2) Free 


14-59 

13-82 

28-10 

1-39 

1-25 

2-63 



1 

±0-03 

±0-05 

±0-10 

±0-04 

±0-03 

±0-07 


The points that attract attention in Table III are, firstly, that the boys in the 
second series have smaller mean arm girths than tliose in the first series. This 
difference is apparent whether arm girth in the flexed position, or the extended 
position, or the total of these measures, is considered. It can probably be to some 
extent accounted for by the smaller mean age of the second series. The girths 
in the second series are also less variable than in the first series. Secondly, the 
girls show lai-ger arm girths than the boys, in spite of the fact that their mean age 
is lower. The girls show differences in respect of other measurements to be con- 
sidered later. Their superiority in arm girth may perhaps be ascribed to the fact 
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that in India girls attending scliool tend to be drawn from a socially superior class 
of families; or it may simply be due to feminine body-build. Thirdly, it is 
important to note (since we are here considering measurements which single 
out children showing signs from those not so affected) that the ‘ affected ’ children, 
as compared with the ‘ free ’ children, do not show consistent!)’; larger or smaller 
mean values. None of the observed differences in the means given in Table III 
are statistically significant. 


Chest measuremenls. 

The statistical constants relating to the chest measurements are given in 
Table IV and the frequency distributions in Tables E, E, and Gl in the 
Appendix. 

Table IV. 


Mean chest measurements with statistical constants. 


Me.an asd standabk erroe. 


Stahdaed deviation and 

STANDARD ERROR. 



1 

Expira- 

tion. 

Inspira- 

tion. 

Total. 1 

j 

1 

Bxpiia- j 
tion. 

Inspira- 1 
tion. ‘ 

Total. 

First series. 



1 

1 





(I) Affectod . . i 

14-31 

14-75 

28-67 

1-15 

1-20 

2-34 

Boys - 

±0-05 

±0-05 

±0-10 

1 ±0-04 

±0-04 

±0-07 

1 


. (2) Free . . | 

12-39 

13-43 

26-01 

1-19 

1-21 

2-39 



±0-03 

1 ±0-02 

±0-03 

±0-05 

±0-02 ' 

i 

±0-03 


(1) Affected . . | 

13-39 

14-43 

27-90 

1-19 ' 

1-11 j 

1 2-26 

1 

Girls 1 

±0-14 

±0-13 

±0-27 

±0-10 

±0-09 * 

i ±0-19 

(2) Free . . J 

13-17 

13-05 

26-32 

1-18 

1-16 

' 2-35 

1 


1 

±0-06 

±0-06 

±0-11 

±0-04* 

±0-04 1 

±0-08 

Second series* 









13-98 

14-51 

28-09 

0-96 

1-00 

1-83 

i 

Boys - 

1 (1) Affected 
\ 

±0-03 

±0-05 

±0-10 

±0-04 

±0-04 

±0-07 


\ 

12-73 

13-26 

23-60 

0-85 

0-88 

1-66 


[ (2) Free . . 








±0-02 

±0-02 

±0-04 

! ±0-01 

±0-02 

±0-03 


Table IV shows, like the previous ones, smaller variability of the measures 
in the second series. The means are smaller in the second series, but the differences 
betu een these and those calculated for the first' series cease to persist when 
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correction is made for tlic smaller mean age in (he second series. In contra- 
distinction to the arm girth mcasurcmenls, the chest nveasurements in the girls 
do not exceed those of the bo 3 \s, being in fact actiiall}'- smaller. 

The most important point brought out in Table IV is the increased mean 
measitremcnls in the groups of ‘ alTected ’ children as compared with tire groups of 
‘ free ’ children. Some part of the difference is ascribablc to the difference in the 
mean ages, but even after this correction is made the chest measurements remain 
significantly larger in the affected group. This excess, taken with the deficit 
in arm girth in the affected group noted in the last section, gives rise to the disparity 
between arm girth and chest depth wliich forms the basis of the A. C. H. inde.x. 


Disparilij between arm and chest measurements (G). 

The difference between the total of the two arm girth measurements and that 
of the two chest measurements is a character of fundamental importance in the 
A. C. H. system. In the present paper we call this character G. 

G — arm girth with the forearm flexed plus arm girth with the forearm extended 
minus chest depth during insjnration phis chest depth during expiration. — In the 
following pages G will be given a negative sign if the sum of the former pair of 
measiuements exceeds the sum of the latter pair. 

The statistical constants obtained for G are given in Table V : — 

Table V. 


Mean for character G with statistical constants. 




Mean with 

Standard deviation. 



standard error. 

witli .standard error. 

First scries. 



Boys 

(1) Affected 

0-25 ±0-10 

2-27±0 07 

]-79±0'02 

(2) Free 

2-65dz0-03 

Girts ■ 

.(1) Affected 

1-93 ±0-29 

2-4S±0-20 

2-06±0'07 

(2) Free 

3-.52i0'10 

Stcond series. 




t (1) Affected 

j l-17±0-]2 

2-28±0'09 

Boys 

^ (2) Free. 

j 2-*10db0-05 

l-9.5db0-03 


The frequenev distribution of G is given in Table H m the Appendix. It vdl 
be noted that in‘ each group the affected children have smaller values of G the 
distribution tables for these commencing with larger negative values than those 
exhibited by the ‘ free ’ sroup and tending to ternunate before large positive values 
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are readied. The fractions in each group of children possessing negative values 
of G are as follows ; — 


f Bovs 

First senes • 

( Gtrls 

Affected. 
Per cent. 

59 

24 

Second series. Boys 

72 


Total . . 58 


Free. 
Per cent. 
5 
2 
9 

5 


Thus, a child ivith signs is more likely to show a negative than a positive value 
of G {nearly 60 per cent in the ‘ affected ’ group had such a value), tvhereas such a value 
appears in only about \ in 20 of the ‘free ’ group. 

These results show definitely that a low value of 6 tends to occur in the 
children showing signs. It is obvious that this character may be of great importance 
in connection with the problem of assessing the ‘ state of nutrition ’ of children. 

Width of hips. 

The second character which is prominent in the A. C. H. system is hip width. 
Means with statistical constants are given in Table YI, and the frequency distribu- 
tion in Table I in the Appendix. 


Table Yl. 


Mean hip ividih with statistical constants. 



1 

Mean with 
standard error. 

I 

Standard deviation 
with standard error. 

\ 

F irst series. 

1 

21-04±0-08 

20-29±0-03 

l-81±0-06 

l-64±0-02 

Girls 

f (1) Affected 
\ (2) Free 

2l-22±0-24 

20-.'52±0-]0 

' 2-03±0-17 

1 2-Cl6±0-07 

Second 

Boys 

series. 

( (1) Affected 

I (2) Free 

20-99 ±0-07 
20-28 ±0-03 

l-28±0-05 

l-35±002 

1 


As before, there was less variability in the second series, though the mean 
hip width in this series does not differ from that of the boys in the first series. 
There is, also as before, a tendency for the mean to be higher in girls, but not to 
an extent permitting statistical significance. It is interesting to note that, while 
the ‘ affected ’ group showed smaller G measurements, their mean hip measure- 
ments are actually larger (even when allowance is made for the slightly greater 
mean age of these groups). This fact throws into relief the^ relatively small 
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values of G which occur iu the ‘ affected ’ group in association witli mean values 
for other measurements which are similar to, or larger than, those exhibited by 
the ‘ free ’ groups. 


The character GK 


To obtain the character G, two measuremcnt.s of arm girth and chest diameter, 
respectively, are made. The question arises whether it i.s feasible to eliminate 
one measure in each case. This would be advantageous, since it would reduce tbe 
labour of examination provided that tire two single measures were equally efficacious. 
The two measures of arm and chest relate to almost the same trait and are obviously 
directlj'- connected with each other. The correlation co-efficients Iretween arm 
girth measured in the flexed and extended positions are high, being as follows - 


First series 
Second series Boys 


Free. Affected. 
0-97 0-96 

0-96 0-97 

0-95 0-92 


The probable error is less than O'Ol. The .standard deviations of the measures 
are also alike. Consequently, it one of these measures is determined, the other, 
which varies from it in simple proportion, can be ascertained bj" simple linear 
relation. There is, therefore, justification for eliminating one of the measures. 
Similar arguments can l)e put forward in the case of the two chest diameter measure- 
ments, which are correlated in the same order. 

It is of interest to determine the relation between the presence and absence 
of signs and the difference between a single arm and a single chest measurement, 
and compare it with that observed when four measures are employed. Accord- 
ingly arm girtli in extension and chest diameter at inspiration was eliminated, and 
the remaining two measures used in tlie same way as the total of the two measures. 
i.e., for measuring the excess of arm girth over chest depth. This new character 
(b — d) we have called Gh 


Table VII. 


Mean values of until statistical constants. 


\ 

1 

Mean with 
standard, error. 

Standard deviation 
■with standard error. 

First series. 
Boys 1 

(1) Affected 
{2) Free 

0-70±0'04 

2-15±0-01 

! l-22±0'03 

0-99±0-01 

Girls 1 

(1) Affected 

(2) Free 

1- 82±0'15 

2- 57i0'05 

1-25J:0-10 

l-ll±0-04 

Second series, 

T, f (1) Atleetcd 

( (2) Free .. 

014 
, 1-96 

f 

1-26 

1-05 


Difference G. Difference G. 
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BOYS FIRST SERIES 

FREE CASES 

» X AFFECTED " 



BOYS second series 

FREE CASES 

*-~»AFrECTEO 




GIRLS 

FREE CASES 

«--» AFFECTED *♦ 




165 20-5 2 

Hip width cm. 

Chart A. — Values of 6 (suns of arm measurements im'nus sura 
of chest measuremeuta) for different values of hip uidth in free and 
affected croups. 
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It is notoM’orthy that possesses the same cliarncteristics as G. The fie- 
quenc}^ distribulion (Table J, Appendix) sliows Ibai’ jiegative values of 6^ are 
preponderant in the affecled ’ children in much the same degree as negative 
values of G. Mean statistical constants arc given in Table VII. These indicate 
a similar association between high and low mean values of G* and the presence 
and absence of signs as was ol>served in the case of G. 

Charts A and B show mean values for G and G^ for a given hip width in 
the free and affected groups. It is apparent that the two groups are as 
clearly differentiated by the relation of G > to hip width as by the relation 
of G to the same measure. 



Hip width cm. 

Chart B. — G' (arm girth flexed minus chest depth at expiration) for 
different values of hip width in free and affected groups. 


The relation of age to arm girth, chest depth, hip width, and G. 

The relation of the various measures to age will now be considered. The 
necessity of introducing corrections to offset age differences in the various 
groups has been pointed out in earlier sections. In order to study this question 
further the association of the various characters with age has been studied 
bv correlational anaivsis. The correlation co-cf6cients obtained are given in 
fable VIII. 

The correlation between age and all the direct body measurements is fairly 
high, being of the order 0‘50 for arm girth and chest depth and a little higher 0’60 
for hip width. The co-efficient is small in the case of G whioh, it will be noted, 
is not a body measurement, but a character derived by subtracting one set ot 
measurements from another. 
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Table VIII. 


Correlation co-efficients between age and various characters. 


1 

1 

1 

AFFECTED. 

FREE. 

Boys. 

Girls. 

Boys. 

1 

1 

; GIKLS. 

i 

1st 

survey. 

2ncl 

survey. 

1 1st 

survey. 

2nd 

8urve5\ 

1 

1 

Number examined . . ' 

! 

514 

153 

72 

2,718 

751 

1 438 

1 

Age with arm girth (flexed) i 

0-48 

! 

0-50 

0-55 

1 

0-53 

1 

1 

0*31 

0-60 

). ,, „ (extended) 

0-49 

0-52 

0-57 

0-53 

0-50 

0-60 

i> s> j> total « , 

0-48 

0-50 

0-57 

0-53 

1 0-51 

0-60 

„ „ chest depth : 

1 




1 

1 


ft ft ft inspiration 

1 0'44 

0-38 

0-48 

0-48 

j 0-40 i 

0-56 

„ expiration 

1 0-46 

0-40 

0-51 

0-48 

; 0-38 

0-55 

ft ft total • . 

' 0-46 

0-42 

0-50 

0-49 

0-42 

0-54 

G 

1 

I 0-24 

0-12 

0-27 

0-23 

0-34 

0-34 

Hip width . . 

j 0-61 

0-52 

1 

0-70 

0*64 

1 

0-61 

0-72 

• G' 

j 0-70 

f 

j 0-63 


The measurements naturally increase with age. This is shown diagram* 
matically in Charts C, D. and E*. 

In Chart C the curve showing the sum of the two arm girth measurements 
at different ages for the ‘ affected ’ and ‘ free ’ cases run close to each other, 
intersecting fairly frequently ; this illustrates the fact previously pointed out in 
connection with the mean values, that the ‘ free ’ and ‘ aSected ’ groups are not 
really distinguishable in respect of the measurement. In the case of the 
boys, any advantage in size of arm girth appears to rest with the ‘ free ’ cases. The 
difference between the age groups in respect of the sum of the two chest measure- 
ments (Chart D) is more marked ; here the advantage as regards size is definitely 
in favour of the ‘ affected ’ groups. .\s regards hip width (Chart E), the ‘ affected ’ 
and ‘ free ’ groups again show a slight but definite differentiation, the ' affected ’ 
curve being above the ‘ free ’ cun*e, 



Arm girth total. Arm girth total. Arm girth total. 



Age. 

Chart C. — ^Total of two arm girth measurements (cm.) in the free and aflected 

groups at various ages. 
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Ceabt D. — ^Total of chest depth measurements (cm.) in the free and affected 
groups at various ages. 
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Chart E. — Hip width (cm.) in the free and affected groups at various ages. 

Tlie curves sliown in Chart F, in which mean values of G for the' various 
age groups are plotted, are very strilfing. They show how clearly the two 
groups are differentiated as regards the character G, the ‘free’ groups 
having considerably higher values in all age groups. At a constant age the two 
groups are situated quite differently in respect to the development of the arms in 
gelation to that of the chest. 
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The association between selection and the presence of signs is very clearly 
demonstrated in Charts G and H. in which values of G for free and affected children 
in two schools are plotted against hip width, and the A. C. H. criterion table is 
included in graphical form. In school A (Chart G) the cleavage of the two groups 
by the A. C. H. line is strikingly clear-cut particularly if the line is extended to 
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Discussion. 

A number of interesting questions arise out of tlicsc investigations. First, 
it is clear that the A. C. H. system, as a method of detecting malnutrition, merits 
greater attention than it lias received from tliosc concerned with the routine 
examination of school cliildren. The index definitely ‘ selects ’ a high percentage 
of chilclren suffering from severe malnutrition as shown by the presence of signs 
of deficiency disease. Since existing methods of assessing ‘ state of nutrition’ or 
detecting malnutrition are generally agreed to lie unsatisfactory, any new method 
should be given close study. 

It appears that the American paediatricians who collaborated in the establish- 
ment of the index did really succeed in making a reasonably satisfactory assess- 
ment of ‘ state of nutrition ’ on the basis of a general clinical examination. The 
index, based on their clinical assessment, can select a high percentage of children 
assessed as malnourished !)}'• a quite different criterion in another continent. 
Doubts are frequently expressed whether the clinical assessment of state of nutri- 
tion is of any value at all, and the discordant results obtained by officers of the 
school medical service in Great Britain lend weight to this criticism. Owing to 
the subjective element, widely different figures for the percentage malnutrition 
rate may be returned from essentially similar districts. The present investiga- 
tion shows indirectly that a clinical observer can detect ‘ malnutrition ’ from a 
general examination. The observers concerned were, however, described as 
‘ experienced pediatricians ’ and a very careful and detailed clinical examination 
was made. This may be the crux of the matter. An index based on’ less exact- 
ing examinations carried out by less experienced observers would probably show 
a much smaller degree of correlation with a different clinical criterion of 
malnutrition. 

Franzen and Palmer {Joe. cit.) state that the A. C. H. index identifies children 
‘ with small amounts of musculature and fatty tissue relathm to body-build ’ and 
express the view that this is the most important criterion in determining the state 
of nutrition of school children. But deeper consideration suggests that an 
increased anterior-posterior diameter of the chest is the fundamental character on 
which the index is based. Table IV and Chart D show the difference in average 
chest measurements in the two groups. In Chart J chest depth in the two 
groups {school A) is plotted against age. It is obvious that a criterion table 
based on deviation from average chest depth would, in this particular school, 
‘ select ’ children having signs almost as effectively as the A. C. H. index itself 
(compare Chart G). 

There may be a relation between the A. C. H. index and ‘ the Sign of the 
Dorsal Median Furrow ’ described by the Norwegian worker.s Knudsen and 
Schiotz. A description of this method of detecting malnutrition is pyen bv 
Bio'wood (1937) in his review on ‘ Methods of assessing the state of nutrition and 
adolescents considered in relation to defective diet’. The following is a quota- 
tion from the review : — 

‘ One sign specially recommended by Schiotz in mass investigations, as 
constituting the true state of nutrition, is the appearance of the median furrow o 
the back, when the arms are held straight above the head. The observer shou c 
look out for two points ; the appearance of the spinal column viewed from bemna 


of measurements at inspiration and expiration). 
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and the posture of the individual examined in profile. This test was discovered 
first by Knudsen in Deninarlc. It is claimed to be an indication of defective 
nutrition when the median furrow is broken or unduly sinuous, the former sign 
being the more irnportant to watch for. According to the cxjjericncc so far gained 
at Oslo, this is a simple and accurate test for the state of nutrition and is very little 
influenced by corrective gymnastics. The sign appears to depend really on the 
normal development of the spine and thorax under the influence of a properly 
balanced diet. Professor Schibtz lays great stress on the advantases of this test 
in mass investigations, its facility of application and its reliability 

A ‘ broken or unduly sinuous median furrow ’ may be associated with an 
increased anterior -posterior diameter of the chest. 

Royster (1927) in his book ‘ Nutrition and Development ’ remarks that ' there 
is no single part of the body which is better index of development or the state of 
nutrition than the size and contour of the cliest ’. The present investigation in 
general supports this statement. It is noteworthy that rickets in South India 
is extremely' rare, and the increased anterior-posterior diameter of the chest 
observed in the children with clinical signs of deficiency disease is, therefore, not 
essentially a rachitic deformity. 

The use of an index op the A. C. H. type for practical 

NUTRITION WORK IN INDIA. 

One of the purposes of the present investigation was to discover whether the 
American A. C. H. index, or some suitable modification of it, could be used in the 
surveys of diet and ‘ state of nutrition ’ which are now being carried out in various 
parts of India, and whether the method could be recommended for school medical 
inspection. The original index was intended by Franzen and Palmer ‘ to be an 
aid in sorting out children who should be seen by the physician ’. An index of 
nutrition can, however, equally^ well be used to determine percentage rates of 
malnutrition in groups of children. The research programme of the Laboratories 
includes surveys of the diet and the state of nutrition in various j^arts of 
India, and a method which would enable comparisons of state of nutrition 
in various parts of the country to be drawn on a strictly uniform basis would be 
very useful. 

We feel that the A. C. H. method can be recommended as a useful supplemen- 
tary method for assessing the state of nutrition of an individual child and also for 
determining the incidence of malnutrition in groups of children between 6 and IB. 
Our own data relate only to South India and it is possible that variations in body- 
build may render an index of this tjq)e inapplicable in other parts of India. In 
Calcutta, Wilson, Ahmad and Mitra (1937) found no positive correlation between 
selection by the index and height, weight, and economic status. On the other 
hand, the same workers observed in the Punjab an association between selection 
and the clinical assessment of state of nutrition and also between selection 
and a low intake of milk. Clearly the collection of data on a wider scale is 
necessary. 

The groups studied in these investigations showed a high percentage of clinical 
signs of deficiency disease. In practice the determining of the incidence of signs 
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has proved a valuable and simple method of comparing nutrition in schools 
(Aykroyd and Krishnan, 1936). This method has also been advocated by Nicholls 
(1934) in Ceylon. But there may be malnourished groups in which the diet, while 
generally deficient, is not extremely deficient in the food factors lack of which gives 
rise to signs. A correlation between a system of body measurements and a clinical 
criterion of malnutrition having been established, as in the present investigation, 
it seems justifiable to use the same S5'stem alone to assess state of nutrition. 

The modification op the American A. C. H. index. 

With regard to the establishment of an index of the A. C. H. type especially 
adapted to Indian conditions, it appears that, if we are seeking a single index or 
criterion table, based on values of G and hip width, to separate ‘ free ’ from 
‘ affected ’ cases, no great improvement on the American index is possible. 
A study of Charts G and H suggests that a line based on higher or lower 
values of 6 would affect a less satisfactory differentiation. The extension of the 
A. C. H. index to include negative values of G and hip width measures below 20 cm. 
(modified A. C. H.) does, however, represent an improvement. The lowest hip 
width measurement given in the American table is 20 cm., all cases with this 
measurement or a smaller one being pooled in a single group. Of the South Indian 
children nearly 50 per cent had hip widths below this figure. Similarly, the Indian 
data include a high proportion of cases with negative values of 6, and it is 
preferable that negative values should, like positive values, be graded in relation 
to hip width. 

The index could, however, be varied in many ways. The criterion table could 
be ‘ set ’ so that any given number of children should be selected, or so that a 
maximum number of children with signs should fall into the selected group. A 
possible development is the establishment of an index which would divide 
children in zones corresponding rvith a ‘ good ’, ‘ fair ’, and ‘ bad ’ state of 
nutrition. Presumably the characters which together correspond to ‘ selection ’ 
by the A. C. H. index disappear, not abruptly, but gradually on passing from 
severely malnourished children to children in a better state of nutrition. Children 
whose 6 values lie in the zone immediately above the A. C. H. line might be 
classed as ‘ fair ’ and those with G value above this zone as ‘ good ’. Further 
research would be necessary to determine the best position of the line separating 
‘ fair ’ from ‘ good ’ zones. Since a high percentage of children selected by the 
present index in South India are children with signs who could be assessed as 
malnourished by purely clinical means, a criterion which helped to assess the 
state of nutrition of children without signs would be ver}-- useful. 

The application of the index to other age groups is also a problem requiriim 
further study. ' ° 

Conclusion. 

The association between certain measurement's of arm, chest, and hip and 
the existence of deficiency disease elicited in these investigations opens up a 
new field for the study and detection of malnutrition. A deficient diet tends 
to cause certain changes in the structure and development of the body and 
notably in the shape of the chest, which may be used to provide informatinr, 
about the state of nutrition of a child. 
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)SUMMAnY. 

1. Four thousand six hundred and forly-six day scliool children in Soutli 
India have been examined. Their A. C. H. measurements were taken and 
simultaneous!}" tlie incidence of sif^ns of deficiency disease — stomatitis, phry- 
noderma^ and Bitot’s spots — was recorded. 

2. l.b'9 per cent showed clinical si"ns and 23‘8 per cent were ‘ selected’. The 
association between signs and ‘ selection ’ is .shown by the fact that the index 
selected 7G‘7 per cent of those .showing signs and only 13‘9 per cent of those no! 
showing signs. 

3. Statistical anal3"sis showed that the free and affected groups were not 
significantly differentiated in respect of age, arm girth, and hip width. On the 
other hand, average chest depth was greater in the affected children. It appears 
that, contrary to the views of Franzen and Palmer, an increased anterior -posterior 
diameter of the chest is the fundamental character on which the A. C. H. system 
is based. 

4. Mean values of G (sum of arm measurements minus sum of chest measure- 
ments for a Icnown hip width) were at all ages lower in the affected groups. Sixty 
per cent of affected cliildren sliowed negative values of G as compared with 5 per 
cent of free children. 

5. Height and weight means in free and affected children showed no signi- 
ficant differences, 

6. The index is recommended as a useful supplementary" method of assessing 
state of nutrition in South India. Certain suitable alterations are sugge.stetl 
and the possibility of fiu-ther modification is considered. 
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APPENDIX. 
Table A. 


Frequency distribution of age in free and affected cases. 



FIRST SURVEY. 

SECONU SURITHY. 

Age group. 

Boys. 

Girls. 

Boys. 

( 

1 

Aftected 
witlf clinical 
signs. 

Free 

from 

signs. 

Affected 
■vrith clinical 
signs. 

Free 

from 

signs. 

Affected 
ivitli clinical 
signs. 

Free 

from 

signs. 

5 to 6 


17 


6 


O 

6 to 7 

33 

239 

12 

74 

9 

80 

7 to 8 

61 

430 

13 

69 

22 

149 

8 to 9 

76 

487 

12 

78 

35 

159 

9 to 10 

93 

457 

12 

70 

32 

140 

10 to 11 

102 

489 

11 

62 

28 

103 

11 to 12 

69 

360 

2 

41 

20 

81 

12 to 13 

66 

203 

7 

33 

7 

37 

13 to 14 

13 

26 

3 

5 

•• 

. . 

14 to 1.') 

•• 

4 


. . 

. . 

. , 

15 to 16 

1 

6 


• • 


•• 

Total . . 

514 

2,718 

72 

438 

153 

751 


( S5 ) 
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Delecthn of mmUrklon b,, of Arm, Chesl, and Hi,,. 


T.AUM-; J]. 


Frcqucncj .IMuHan : „„„ ,,M („) /„ f,.„ 


FIUST SUnVKV. 


Arm girth 
(«) flexpcl 
(cm.). 


IJovs. 


C!ini.s. 


■SECOND .SUDVEY. 


Boys. 







_ 


.VlTf'clcd. 

I'ree. 

Allcftcd. 

I'Yec. 

10-11 

1 

1 

1 


11-12 

' G 

1 

11 

1 

3 

12-13 

40 

160 

1 

9 

13-14 

j 123 

598 

5 

59 

14-15 

142 

775 

22 

117 

15-16 

SO 

569 

21 

104 

16-17 

62 

331 

9 

77 

17-18 

33 

166 

1 

8 

34 

18-19 

18 

62 

' 2 

19 

19-20 

7 

27 

1 

2 

1 

12 

20-21 

1 

12 

1 

1 1 

i 1 

2 

21-22 

1 

3 

i 

I 

T 

22-23 

•• 

o 


1 

23-24 


0 

• • 


24-25 


0 

, , 


25-26 

•• 

0 

. • 


26-27 

• • 

1 

• • 


Total 

514 

2,718 1 

1 

1 

1 

72 

438 


Afrceted. I Free. 


6 

I 4 

1 

IS 

[ 

67 

1 

1 

194 

.,0 1 

237 

■ c j 

154 

9 1 

1 

56 

1 

1 

4 : 

23 

1 

10 

1 

1 

) 

2 

1 

1 

3 

1 

1 



153 


751 
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Table C. 

Frequency dislrihulion : arm girth extended {h) in free and affected groujjs. 


FIRST SURVEY. I SECOND SUR^T^Y. 


Arm girth (6) I Boys. i Gibls. 1 Boys. 

relaxed | , 


(cm.). j 

1 

j 

% 

1 Affected. I 

Free. ! Affected. 

1 Free. i Affected. 

Free. 


10-11 . . 1 

1 

1 1 

1 

•• 1 

1 

3 1 

1 

1 

11-12 

1 

28 , 

97 1 

1 

1 1 

7 

1 

7 

27 

12-13 

94 

524 

4 1 

1 

43 1 

42 

161 

13-14 . . 1 

159 

817 j 

19 j 

117 

61 

268 

14-16 . . * 

98 

643 i 

1 

25 j 

1 

118 

24 

190 

15-16 .. ' 

72 ! 

1 

1 

374 j 

10 

74 1 

12 

66 

16-17 . . 1 

1 

36 

172 

9 

38 ' 

3 

24 

17-18 

19 

61 

1 

28 

1 

9 

18-19 

4 

19 

3 

6 i 

1 

1 

•• 

2 

19-20 

' 

2 

7 


4 

•• 

3 

20-21 

1 

2 

•• 

2 

•• 

.. 

21-22 

•• 

0 

•• 

•• 


* • 

22-23 

1 

0 

•• 

1 

•• 

-- 

23-24 


0 

•• 

: •• 

•• 

.• 

24-25 

) 

1 

•• 

i 

1 

1 

•• 

•• 

Total 

1 

514 

1 

i 

j 

2,718 

1 

; 72 

1 

1 438 

i 

153 

1 751 
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Table D. 


Frequency disiiibnUon . aim girth total (c) = («) (J) in free and affected groups. 



Arm girth total 
(c)=(a)+(6) 

(cm.). 

PIKST SUJll'EV. 

{ SECOND SURVEY. 

Boys. 

{ Gikl-s. 

Boys. 

AlTectccl. 

I'Vcc. 

Affcclcrl. 

Free. 

AiTcctcd. 

Free, 

20-21 ' . . 

1 



i 



21-22 

• . 

1 


i * 

1 

3 

1 

22-23 

6 

11 

1 

2 

3 

3 

23-24 

20 

66 

» • 

2 

4 

18 

24-25 

19 

92 

1 

7 

14 

48 

25-26 

66 

313 

2 

I 28 

25 

89 

26-27 

68 

288 

3 

1 

32 

26 

102 

27-28 

90 

473 

8 

54 

35 

145 

28-29 

52 

315 

16 

61 

13 

97 

29-30 

56 

378 

12 

65 

12 

113 

30-31 

26 

200 

8 

43 i 

5 

40 

31-32 

40 

217 

6 

36 

7 

46 

32-33 

23 

114 

3 

39 

2 

13 

33-34 

19 

109 

5 

23 

2 

19 

34-35 

10 

52 

3 

10 

2 

4 

35-36 

11 

36 

2 

14 


6 

36-37 

9 

25 

• 

9 


3 

37-38 

4 

6 

1 

5 


0 

38-39 

2 

12 

2 

3 


2 

39-40 

« . 

4 

• 

1 


1 

40-41 

1 

3 


1 


2 

41-42 

• • 

• « 

• • 

1 


• • 

42-43 

1 

2 

• • 

1 


• • 

60-51 

•• 

1 ” 

• * 

•• 


•• 

Total . . 

614 

2,718 

72 

438 

153 ‘ 

761 
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Table E. 

Frequewy distribution : Chest depth on expiration {d) in free and 


ajfected groups. 



FIRST SURVEY. 

SECOND SURVEY. 

Chest depth 







(d) expiration 

Boys. 


Girls. 

Boys 

• 

(cm.). 








Affected. ^ 

Free. 

Affected. 

Free. 

Affected. 

Free. 

9-10 


2 



.. 


10-11 

1 

60 

, . 

8 

. . 

8 

11-12 

6 1 

475 

5 

58 

2 

130 

12-13 

51 ' 

942 

12 

136 

21 

.348 

13-14 

149 

712 

15 

139 

52 

217 

14^1.5 

190 1 

381 

29 

73 

60 

45 

15-16 

77 1 

117 

9 

16 

15 

2 

16-17 

33 1 

27 

2 

7 

3 

1 

17-18 

7 

1 

. . 

1 

. . 

r . 

18-19 

. , 

, , 

. . 

. . 

. . 

. . 

19-20 

1 

1 

• • 

* ' 

• * 

• * 

Total . . 

514 j 

2,718 

72 

438 

153 

751 


Table F. 


Frequency distribution : chest depth on inspiration (e) in free and 

affected groups. 



FIRST SURVEY. 

SECOND SURVEY. 

Chest depth (e) 


i 





inspiration 

Bovs. ! 

Girls. 

Boys. 

(cm.). 








Affected. 

Free. 

Affected. 

Free. 

Affected. 

Free. 

10-11 


11 


4 


1 

11-12 

4 

245 

i 

26 

1 

33 

12-13 

25 

822 

7 

113 

7 

269 

13-14 

97 

853 

15 

147 

36 

312 

14-15 

197 

493 

26 

112 

65 

116 

15-16 

120 

226 

20 

23 

35 

16 

16-17 

48 

59 

2 

11 

7 

4 

17-18 

22 

8 

1 

2 

2 


18-19 







19-20 

1 






20-21 

•• 

1 

•• 

•• 

•• 

•• 

Total . . 

514 

2,718 

72 

438 

153 

751 
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Table G. 
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Table H. 

Frequency distribution of G in free and affected grouys. 
G = a b — {d e). 




RIRST SERIES. 

SECOND SERIES. 

G 

Range. 


Boys. 

Girls. 

Boys. 


Affected. 

Eree. 

Affected, 

Free. 

Affected. 

Free. 


—7-9 to -7-0 


. . 




I 

. . 

— 6-9 to —6-0 






0 


- 5-9 to -5-0 


3 




1 

. . 

-4-9 to -4-0 

' ■ 

0 




6 

. . 

-3-9 to —3-0 


30 

• * 

1 

•• 

18 


-2'0 to -2-0 


97 

15 

0 

1 

41 

10 

-1-9 to -1-0 


105 

23 

6 

2 

33 

22 

-0-9 to -0-1 


67 

82 

10 

7 

10 

33 

+0‘0 to +0-9 


68 

325 

12 

32 

17 

96 

1-0 to 1-9 


51 

531 

H 

57 

9 

159 

2-0 to 2-9 


41 

682 

11 

84 

7 

162 

3-0 to 3-9 


34 

468 

5 

97 

6 

139 

4‘0 to 4-9 


13 

1 

325 

8 

64 

2 

73 

5-0 to 5-9 


0 

156 

4 

45 

2 

28 

6-0 to 6-9 


2 

68 

0 

21 

, , 

14 

7-0 to 7-9 


1 

24 

3 

17 

. . 

8 

8-0 to 8-9 


2 

4 

1 

8 

•• 

4 

9-0 to 9-9 


-- 

1 

. . 

1 


I 

10 0 to 10-0 


• • 


. , 

0 


2 

11-0 (o 11-9 


•• 

•• 

-- 

2 

•• 

0 

Total 

•• 

514 

2,718 

72 

43S , 

1 

1.53 

1 

751 
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Table I. 

Frequency distribution of hip width in free and affected groups. 


Hir WIDTH 


FIRST SERIES. 


SECOND SERIES. 

(CM.). 

Rots. 

Gim.s. 

Bois. 

Range. 

Aflectccl. 

F rcc. 

AlTcctcd. 

Free. 

Aficeted. 

Free. 

12-0-12-9 

• • 

1 

• • 

, . 

. « 

• • 

13-0-13-9 


1 

• • 

• • 


•• 

14-0-14-9 


3 



• • 

•• 

15-0-15*9 

■ * 


•• 

1 

\ 



16*0-16*9 

1 

17 

• . 

10 

• • 

1 

17-0-17-9 

15 

149 . 

3 

31 

• • 

9 

27 

18-0-18-9 

44 

395 

7 

63 

13 

102 

19-0-19-9 

83 

631 

11 

93 

17 

178 

20-0-20-9 

131 

717 

14 

81 

42 

239 

21-0-21-9 

104 

427 

12 

62 

65 

133 

22-0-22-9 

68 

238 

11 

■■ 

•• 


23-0-23-9 

36 

88 


31 

17 

48 

24-0-24-9 

22 

32 

0 

14 

7 

18 

25-0-25-9 

6 

12 

2 

10 

•• 

•• 

26-0-26-9 

1 

3 

2 

3 

•• 


27-0-27-9 

1 

1 

•• 

•• 


• • 

28-0-28-9 

2 

2 



• • 

• * 

29-0-29-9 

« . 

0 

.. 




30-a-30-9 

•• 

1 

•• 


• ' 


Totad . . 

514 

2,718 

72 

438 

153 

7.71 
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Table J. 

Frequency distribution : G^. 


G‘ 

Range. 

FIRST SERIES. 

SECOND SERIES. 

Boys. 

Boys. 

Affected. 

Free. 

Affected. 

Free. 

-4-0 to -3-0 


. . 

1 


—3-0 to —2-0 

3 

•• 

1 


-2-0 to -1-0 

27 

3 

26 

•• 

o 

1 

o 

0 

1 

114 

24 

44 

11 

0-0 to -1 

193 

211 

50 

114 

Ito 2 

90 

1,029 

18 

279 

2 to 3 

1 

1 

65 

965 

9 

250 

3 to 4 

1 13 

400 

4 

71 

4 to 6 

1 

73 

•• 

19 

5 to 6 

o 

8 

•• 

5 

6 to 7 


5 

•• 

2 

7 to 8 


•• 

•• 

•• 

Total 

1 

514 

2,718 

153 

1 

751 
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Table K. 

Frequency d^slnhtiion of height and weight in free ami affected children. 


Range 
(in inches). 


HEIGHT. 


Boys. 


Free. 


Affected. 


HTJGHT. 


Grans. 


Range 
(in ll)s.). 


Boys. 


Free. I Affected. 


Free. 


Affecled. 


Grans. 


I 


Free. ' Affected. 


35-39 9 

10 

2 

7 

1 

1 

20—21-0 

1 

1 

/ 

. . 

1 

1 

1 I 

1 

! 

40- 

115 

30 

50 

J 

i 

t 

25- 

1 

1 J4 

1 „ 

9 

1 

45- 

J'lO 

57 

76 

1 

i H 

30- 

1 

{ 

49 

IS 

13 

1 

60- 

2)5 

59 

1 36 

! 

4 

' 35- 

1 

J21 

j 

25 

41 

3 

55— 

54 

10 

1 

6 

• • 

1 40- 

j 

141 

29 

> 

40 

0 

60-64-9 

6 

3 


• • 

45— 

140 

1 37 

1 36 

5 






50- 

j 101 

j 


15 

2 



j 



55- 

74 

i 

19 

8 

2 





1 


44 

15 

7 

0 



1 



65- 

20 

5 


1 






70- 

4 

0 

1 







75- 

1 

2 

• • 







80- 

3 

1 

•• 

•• 






sr.-gg-o 

2 

1 

•• 


ToT4L . , 

716 

167 

i 

175 

20 

TOTAt, . , 

716 

167 

175 

20 
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FURTHER STUDIES ON THE EFFECT IN EATS OF 
SUPPLEMENTING A SOUTH INDIAN DIET 
WITH CALCIUM AND PHOSPHORUS. 


BY 

R. K. PAL, 

AND 

NARINDRA SINGH. 

{Nidrition Research Laboratories, I. R. F. A., Coo7ioor, S. India.) 
[Received for publication, Jlarch 31, 1938.] 


It was shown by Aykroyd and Krishnan (1937) that the growth of rats fed 
on a diet resembling that consumed b)’ the poorer classes in South India could be 
enhanced by the addition of calcium lactate. In a recent investigation (Pal and 
Singh, 1938), we confirmed and extended these observations, and studied calcium 
and phosphorus metabolism in rats fed on the same diet supplemented by calcium 
lactate and alkaline potassium phosphate separately or in combination. The 
present paper describes experiments in which a single salt, Ca HPO 4 , 2 H 2 O, 
containing both calcium and phosphate, was given as a supplement to the poor 
South Indian diet based on -ice. This salt is relatively cheap and might, if 
effective, be conveniently used as a supplement to the diets of school 
children, etc. 


Experimental. 

Two groups of animals, each consisting of 12 3 ’^oung rats, with equal numbers 
of males and females, of average weight 55 g., were used for the experiment. The 
basal diet was the ‘ poor South Indian diet ’ described in our previous paper (Pal 
and Singh, loc. cit.), which is largely composed of milled rice. One group was 
given this diet aloqe, the other group the same diet with the addition of O'OT g. 
of alkaline calcium phosphate per rat per day as a supplement. We selected 
this salt as the most suitable one. According to Grulae (1922) neutral calcium 
, phosphate C33 (PO4I2 is almost insoluble and probablv not absorbed to a great 
degree. ' ® 


( 95 ) 
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Tlie animals were kept separately in cages in a room exposed to the morning 
and evening sun. The experiment lasted for eight weeks during which weights 
were recorded every week. 0'5 c.c. of a saturated solution of alizarin red was 
injected into each animal twdee weekly in order to determine the amount of 
calcium deposited in the growing bones of the animals at the end of the experi- 
ment. This procedure wms suggested by the work of Salter and Aub (1931). 


CirAHT. 



Weeks. 

Showing the average rate of increase in weight of the two groups of 
experimental animals for eight weeks. 

Table I shows the average weekly increase in weight of the two batches of 
experimental animals for eight weeks ; — 

Table I. 


Increase in iveight of groups of animals fed on a poor South loidian 
diet with (/) and without {11) alhaline calcium phosphate. 
(Weight in grammes.) 


Groups. 

Initial 

weight. 

1st 

week. 

2nd 

week. 



5th 1 
^ week, j 

6th 

week. 

7th 

week. 

8th 

week. 

I .! 


53-00 

54-70 

57-25 

61-00 



71-60 

74-70 

11 


68-20 

62-30 

71-70 

80-50 


95-20 

101-75 

110-40 
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Tlu'ee animals from each group were removed to metabolism cages at the end 
of the second week and kept there for six weeks to study their metabolism. Tlie 
dry weight of the food given was estimated every day and the rejected food, 
fajces, and urine of each animal were collected next moriring. Intake and 
excretion of calcium phosphorus and nitrogen were estimated and thek retention 
was calculated. 

The estimation of calcium and phosphorus of food and faeces was done after 
ashing by the standard methods. That of phosphorus and calcium in urine was 
done by the combined method of Greenwald and Gross (1925). The nitrogen of 
the food and excreta was estimated b}' the Kjeldahl method. 

At the end of the experimental period the length of the animals was 
measured (from the mouth to the end of the tail) under ether ansesthesia and 
then they were bled to death. Blood from the heart was collected from three 
animals of each group in one sample (as sufficient blood could not be obtained 
from one animal) for estimation of serum phosphorus by Brigg’s (1922) modifica- 
tion of the Bell Doisy method, of serum calcium by the Kramer and Tisdall (1921) 
method and of protein by the macro-Kjeldahl method. The amount of non- 
protein nitrogen in blood, according to Frisch et al. (1929), is negligible and 
hence non-protein nitrogen was left out of account. 

One femur of each animal was taken out for measuring the length and for 
investigating the extent of newly-formed bone as shown by staining with alizarin 
red. Table II gives the average body and femur length at the end of the 
experimental period : — 


Table II. 

Average length of the animals from month to tail and 
average length of the femur in the 


hvo groicps. 

Group 

1 

i 

1 

Final average 
leiwtl' the 

animal, 
cm. 

Average length 

1 of the femur, 
cm. 

1 

j 

I .. 

25-5 

2-23 

n 

300 

1 

2-62 


1 


The parathyroid glands embedded in the thyroids were also removed in 
order to obsenm any structural changes. 

J, MK 


7 
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The calcium, phosplionis and nitrogen contents of tlic food and excreta are 
recorded in Table III : — 

Table III. 


Intake, excretion, and retention of calcium {CaO), phosphorus {PzO^, 
and nitrogen {N^) in the two groiips of animals 
for six weeks. 


Experi- 

mental 

week. 

j 

i 

Group. 

Total quantity of 
CaO in food. 

Total quantity of 
CaO in excretion. 

Total quantit 3 ' of 
CaO in retention. 

Total quantity of 
PjOs in food. 

Total quantity of 
PjO,, in excre- 
tion. 

Total quantitv- of 
P 3 O 5 in reten- 
tion. 

0 

.2 

c 

es 

“o 

B 

X 

0 ' 

.£ 

0 

s't 

1 

c 

0 

c 

u 

C 

% ^ 

si 

0 -^ 

! 

1 

1 

' ; 

1 

1 

I 

0-181 

0-035 

0-146 

i 

' 0-630 


0-307 

2-764 

0-888 

■ I-S76 

2 iid week ■ 





[ 1 





! 

II 

0-603 

0-109 

0-494 

' 1-214 

j 

0-581 

i 

0-633 

3-230 

1-1S7 

2-013 

f 

I 

0-lGl 

0-047 

0-114 

0-494 

0-361 

0-133 

2-186 

1-247 

0-939 

3rd tfeek-J 





1 






( 

II 

0-605 

0-132 

0-473 

1-127 1 

0-523 

0-604 j 

1 

3-192 

1 

1-310 

1-873 


I 



0-184 



0-236 

2-292 

1-064 

1-128 

4 th week ■ 

II 

) 

0-576 1 

0-131 

0-445 

1 

■ MOl 

1 

0-591 

0-610 

2-SS5 

1-461 

1-424 

f 

I 

0-185 



* 0-.551 

0-358 

0-193 

2-285 

1-574 

0-71 1 

5th week ■{ 









2-012 

1-330 

1 

II 

1 

0-706 



I 1-306 

i 

0-666 

0-640 

3-342 




0-023 

0-143 

0-562 



2-570 

1-298 

1-272 




0-115 

0-513 

1-284 

0-619 

0-665 

1 

4-015 

1-670 

2-345 

r 




I 

0-116 

0-590 

0-429 

0-161 

' 2-672 

1-393 

1-279 

7lh week-! 

II 

0-664 

0-144 


1-403 

0-696 

0-707 

' 4-102 

1-828 

2-274 
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From the above table it can be noted that retention of calcinm, phosphorus, 
and nitrogen was consistent^ greater in group I than in group II. The retention 
ratio of calcium and phosphotus as calculated from the CaO and P2O5 figures 
given in Table III shows a more or less constant figure between 1‘2 and 1'42 for 
group II and a more variable one (0‘9 to 1‘6) for the other group : — 

Table IV. 

Calcium and phosphorus content per 100 c.c. of blood. 


Group. 

Calcium, mg. 

Phosphorus, mg. 

per cent. 

per cent. 


1 

9-20 

9-75 



8-80 

11-60 

I 


8-40 

12-25 



8-80 

10-90 

Avebage . . 


8-80 

11-12 



1400 

7-23 



14-48 

7-21 

II ; 


13-40 

7-57 



13-60 

7-38 

Average . . 

13-87 

7-30 


The blood protein showed no variation. The estimated quantity was 6‘79 g. 
per cent for both groups. 

The femurs, after being cut into two halves by a very fine saw and digested 
for four hours in a mixture of pancreatic toj^psin and bile, showed staining by 
alizarin red at .the epiphyseal ends of the bone. In the case of group II there was 
considerable staining of the diaphysis, while this staining was barety evident in the 
femurs of group I. During the process of sawing it was noticed that the bones of 
the former group were much harder than those of the other group, which were 
soft and could be easily cut through. 
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Histological examination of sections of llic ])ar{iMiyroid glands of group 11 
showed a normal slTucinre, witli com})act principal cells, well-developed blood 
sinuses, and very scanty amount of fibrous tissue Inuuls. In the glands of group! 
there were very i)ig bundles of fibrous tissue with very few blood sinuses, suggesting 
liypo-function of the glands. Tlic t-hyroids in this group showed some amount 
of colloid .storage Uvsually associated with the resting phase of the glands. The 
thyroids of the second group showed a normal structure. 

Discussion. 

Increase in weight may not always be a completely satisfactory criterion of 
better growth and nutrition, and hence in this experiment wc used other means 
to study developmental differences in the two groups. The group given alkaline 
calcium phosphate had the advantage not only as regards increase in weight but 
also as regards length of body, length of femur, and the amount of freshly 
deposited calcium at the growing ends of the femur. 

The greater retention of calcium and pliospliorus and also of protein by 
group II is further evidence of the superior nutrition of this group ; addition of 
basic calcium phosphate seems to liave improved the utilisation of nitrogen. The 

more or less constant retention ratio for Ihe second group) is also 

indicative of better utilization of these elements by this group of animals. 

Table IV shows the amounts of calcium and phosphorus in mg. per 100 c.c. of 
blood. The calcium content of the serum in the two groups of animals is in 
inverse ratio to that of phosphorus. The parathyroid glands revealed suggestive 
changes, those of group I showing a condition of hy'po-function. 

Peters and Eiserson (1929) found a direct relationship between serum calcium 
and protein but an inverse one between serum phosphorus and protein. They 
express the relation between the serum calcium, phosphorus, and protein hy the 
following formula : — 

Ca (in mg.) = 7 — 0'566 protein (in g.) — - 0'265 P (in mg.). 

Our figures do not, however, conform to this formula since the blood protein 
in both the groups was fairly constant and normal According to Steam and 
Knowlton (1931) this relationship holds good only when kidneys are damaged ; 
in a series of experiments carried out by them on non-nephritic children, no 
relationship between the calcium, protein, and inorganic phosphorus content of 
serum was observed. 

SUMMABY. 

1. The nutritive value for rats of "a diet based on rice resemblirrg that 
consumed by the poorer classes in South India was improved by the addition oi 
basic calcium phosphate. The improvement was evidenced by greater increase 
in weight, greater length of body and femur, and by more efficient calcification 
of bone. 

2. The calcium content of the blood was greater in the group receiving the 
supplement iliaa in the other group, the reverse being observed in the case o 
phosphorus. 


Plate I. 




Fig. 1, — I vital staining of the femurs by alizarin 
red ; II showing considerable red staining of the 
epiphysis as well as diaphysis of the bones of 
group II animals having a supplement of alkaline 
calcium phosphate to their diet, in contrast to 
I, in which staining was barely evident in the 
bones of group I animals on basal diet alone. 



Fig; 2— Paratluwoid gland, group I, shonin" 
bbrosis and hypo-active condition of the gland. ~ 



Fig. 3 — Parathyroid gland, group II 
normal structure. ’ 


showin" 



-N 
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3. Changes suggestive of hypo-function were observed in the parath}Woid 
glands of the animals on the basal diet alone. The parathyroids of those receiving 
the basic calcium phosphate supplement appeared to be normal. 
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THE STUDY OF MYELIN DEGENERATION IN 
POLARIZED LIGHT. 

BY 

M. V. EADHAKRISHNA RAO. 

{Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 

[Received for publieation, March 31, 1938.] 

Several Wstological methods have been devised for the study of myelin 
degeneration. Of these, Marchi’s method, and staining with dyes of the Sudan 
type, are conunonly used. These methods give positive pictures of degenerated 
myelin when applied during the earlier stages of the degenerative process, but 
their reliability, especially that of Marchi’s method, has been questioned by 
several workers. A simple method involving the use of polarized light for the 
detection of myelin degeneration has recently been described by Setterfield and 
Sutton (1935), and Sutton, Setterfield and &auss (1934). Baldi (1930) was the 
first to use polarized light for this purpose, but the credit of making practical 
use of the method must be given to the above-mentioned workers. Setterfield 
and Sutton (loc. cit.), applying the polarized light technique to the study of 
experimentally produced Wallerian degeneration in albino rats, concluded that 
the method is ‘ simple, speedy, and accurate ’. 

In the course of an investigation into the effects of avitaminosis A on the 
peripheral nervous system, it was felt that a simple and reliable method, which 
would bring out the changes with certainty in the earlier stages of the 
deficiency, was desirable. The present study was undertaken mainly to evaluate 
the polarized light technique. During the course of the investigation, the 
Marchi method was also critically studied using the same material. 

Method. 

The principle of the polarized light method of studying myelin degeneration 
depends on the physical and chemical properties of the myelin sheaths. The 
myelin sheath of a normal myelinated nerve fibre consists of a mixture of phos- 
pho-lipids (Mathews, 1930 ; Cramer and Lee, 1921), which are anisotropic (Cramer 
and Lee, he. cit.) ; during the process of degeneration of the nerve fibre the 
myelin is gradually changed from a mixture of phospho-lipids to a mixture of 
triglycerides (Hurst, 1925 ; Maximow and Bloom, 1934), which are isotropic 
(Cramer and Lee, loc. cit.). 

lYhen a longitudinal section of a myelinated nerve is observed in polarized 
light and between crossed Nicol prisms, degenerated myelin, if present, is seen as 
black areas (isotropic material), which in contrast to normal myelin (containino- 
anisotropic material) do not show the property of birefringence-— becoming 

( 103 ) ■ 
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Sfudi/ of Mydin Deyencrahon in Polarized Light. 


alternately Hji^lit ami dark in four positions a(, 00 deforces to one another wkn 
tlic object stage of the microscope is rotated through OGO degrees. 

The principles underlying the use of this method for the detection of myelin 
degeneration have been discussed in detail liy Settertield and Sutton {he. cit.) 
ami Sutton, Setterfiekl and Krauss (he. cif.}. 

A polarizing microscope is necessary for observing myelin degeneration by 
this technique. An ordinary microscope with a revolving stage can, however, be 
converted into a simple type of polarizing microscope for histological observa- 
tions by fitting it with a polarizer and an analyser. The polarizer is placed in 
the diaphragm carrier of the illuminating apparatus below the stage, while the 
analyser is placed on top of the eyepiece. An interchangeable polarizer tube for 
stands D and F containing the analyser prism in a box-type mount has been 
introduced by Carl Zeiss. Jena. This tube is intended primarily for biological 
work and is neat and handy. The polarizer tube is inserted in place of the 
ordinary tube, and the polarizer is turned in relation to the analyser so that the 
field of view appears dark in the absence of an object. 

Material for investigation. 

Experimental ITallerian degeneration in rabbits was studied by the above 
technique. Twelve healthy ralrbits fed on a good mixed diet were used in the 
e-xperiment. Under ether anaesthesia a small segment of the right sciatic nerve, 
at the junction of the proximal with the middle third, was removed and the wound 
in the thigh closed. The animals were killed Iry air embolism at various intervals 
(vide Table) after transection of the nerve. The distal part of the cut nerve 

Table. 

The progress of nerve degeneration after transection. 


1 

1 

Serial 

number. 

Rabbit 

number. 

Interval after 
transeetion of 
the nerve. 

Lesions of sciatic 
NERVES (anoEO- 
SCOPIC MAONOSES).* 

Marchi’a 

method. 

PoJanV.ing 

light 

technique. 

1 

134 

3 hours. 

0 

1 

2 

135 

6 „ . 

1 

1 

3 

136 

9’ „ 

1 

2 

4 

137 

12 „ 

2 

- 

5 

118 

24 „ 

2 

2 

G 

120 

48 „ 

2 t 

3 

7 

121 

3 days. 

3 

3 

8 

122 

0 

3 

4 

9 

125 

9 „ 

4 

4 

10 

126 

12 „ 

4 

4 

11 

127 

ir. „ 

4 

5 

12 

131 

30 „ 

5 

5 


* 0 = 110 degeneration. 1 = very slight degeneration. 
2 = slight degeneration. 3 moderate degeneration. 
4 and 6 = marked degeneration. 
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was removed, trauma being avoided, soon after killing the animal and fixed in 
10 per cent neutral formalin. As traumatic degeneration usually extends for a 
short distance in the cut ends of the nerve, pieces for examination were taken 
from the middle third of the distal segment. Twenty-four to forty-eight hours 
after fixation in formalin, longitudinal sections of the nerves at a thickness of 15/4 
to 20/4 were cut on a Spencer’s freezing microtome. The frozen sections were 
mounted in glycerin and examined in polarized light between crossed Nicol 
prisms. 

Observations. 

(See Plates II, III, and IV). 

Sciatic nerves for control were taken from normal healthy rabbits and treated 
in the same manner. Figs. 1 and 2 (Plate II) give the appearances of longitudinal 
sections of the nerve when examined in polarized light between crossed Nicols. 
The myelin sheaths are doubly refractile and are about half the size of the axis 
cylinders. The nerve fibres are uniform in size and parallel to each other. 

Sections of nerves examined three and six Jmirs after transection showed an 
almost normal pattern ; slight swelling was, however, present in some of the nerve 
fibres. Early degenerative lesions, shown by small areas of isotropic material, 
were noticeable in the myelin sheaths nine hours after sectioning of the nerve. The 
isotropic material in the myelin sheaths was more marked in the hvelve and twenty- 
four hours specimens. The swelling of the nerve fibres was also more marked in 
these specimens, and the axis cylinders showed evidences of fragmentation in some 
fibres. The outlines of the fibres were prominent in the twenty -four hours specimen 
due to a thickening of the neurolemma, which is isotropic. There was an increase 
of isotropic material in the sections of nerves examined hco and three days after 
transection ; the normal myelin was much reduced in amount and isolated into a 
number of luminous islands separated by areas of isotropic material ; swelling of 
the fibres and fragmentation were more marked than in the previous specimens. 
Examination of the nerves removed at the end of six, nine, twelve, and fifteen days 
after transection showed progressive increase in the number of fibres exhibiting 
degenerative changes, shown Tiy fragmentation of the axis cylinders into separate 
. segments of different lengths and increase of isotropic neutral fats. The frag- 
ments of axis cylinders became smaller and less in number with increase in the 
interval between transection of the nerve and removal of the distal segment for 
examination. After 30 days only small, discrete masses of anisotropic material, 
representing myelin droplets, were present, the normal pattern of the nerve havin" 
completely disappeared ; even the small segments of the axis cylinders were not 
visible in this specimen. 

All the above specimens were also examined by the Marchi’s method. The 
Table gives the results obtained by this method. By this technique, definite 
evidences of myelin degeneration were present Ucehe hours after transection of 
the nerve. Specimens of nerves removed after three days .showed increa.sim' 
amounts of degenerated myelin and an increasing number of degenerated nerve 
fibres. The results obtained by the IMarchi method closely resemble those obtained 
by the polarized light technique. 
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Discussion. 

The progress of degenerative changes in the distal segments of tlie sciatic 
nerves following transection was clearly brought out by polarized light. Compared 
to the other methods commonly used for the study of myelin degeneration, this 
method is simple and rapid. It is useful in the study of early lesions occurring in 
myelinated nerves in avitaminosis. In a previous investigation (Eadhakrishna 
Eao, 1936) it was applied to the study of lesions occurring in the trigeminal nerve 
in vitamin-A deficiency with satisfactory results. Ecccntlj', Lee and Sure (1937) 
used this technique in the study of degeneration in myelinated nerves in 
avitaminosis A and B. 

Divergent views are held b}’- different workers about the value of Marchi’s 
method in the study of myelin degeneration. The results of this investigation 
suggest that it is a dependable method jirovided the technique is uniform through- 
out, and trauma to the nerves excised for examination and over-fixation in Muller’s 
fluid are avoided. 


Summary and conclusions. 

1. Experimentally produced ‘Wallcrian degeneration in the sciatic nerves 
of rabbits was observed in polarized light with a view to testing the reliability of 
the polarized light technique, described by Sutton, Setterfield and Krauss 
{loc. cit.), in the microscopic diagnosis of myelin degeneration. 

2. The progress of the degenerative changes in the distal segments of the 
nerves following transection was clearlj’- brought out when frozen sections of the 
nerves, cut longitudinally and mounted in glycerin, were observed in polarized 
light between crossed Nicol prisms. 

3. • The method is simple, rapid, and reliable. 
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Plate II. 

E, — Al! Beotions of the rabbit nerves tvere photographed in polarized light between crossed Nicols at the point of 
greatest birefringence n ith ' Miflex ’ (Zeiss) camera attachment. 










Plate IV. 



Fio. 11. Fig. 12. 

re. 9 to 12. — Photomicrosntiphs of longitndmnt sections of sciatic nerves 9, 12. lo, and 30 days .after transection, x 400 
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THE KELATIVE VALUE OF THE PROTEINS OF CERTAIN 
FOODSTUFFS IN NUTRITION. 

Part V. 

SUPPLEMENTARY VALUES OF THE PROTEINS OE ELEUSINE 
CORACANA (RAGI) AND OF CERTAIN PULSES AND 
SKTlMMED MILK POMT)ER STUDIED BY THE 
NITROGEN BALANCE AND THE 
GROWTH METHOD. 

BY 

BI. SWAMINATHAN. 

{Nutrition Research Laboratories, I. R. F. A., Coonoor, 8. India.) 
[Received for publication, March 31, 1938.] 


Previous work (Swaminathan, 1937(i) has shown that milk proteins &om 
skimmed milk powder enhance appreciably the biological value of the proteins of 
rice and different pulses. Similar studies have been made with the proteins of ragi, 
a millet widely consumed in India and elsewhere. The results form the subject 
of this communication. 


Experimental. 

The moisture and ‘ crude protein ’ content of the test foodstuffs are given in 
Table I and the composition of the diets in Table II. The technique and the 

Table I. 


Moisture and ‘ crude protein ’ content of the test foodstuffs. 


Name of foodstuff. 

Botanical name. 

Moisture. 

‘ Crude protein ’ 
(N X 6-25), 
per cent. 

RaRi 

Elaisine coracana 

13-05 

7-40 

Red cram . . 

Cajanus indicus 

12-54 

23-44 

Bengal gr.ara 

Ciccr ariclinum 

12-S6 

22-26 

Green gram 

Phascolus radialus 

12-19 

24-82 

Black gram . . 

PJmseohis mtmgo 

12-86 

24-79 

Lentil 

Lens esenknta 

12-46 

25-13 

Soya bean . , 

Ghicinc hispida 

S-oO 

40-04 

Skimmed milk powder . . 


4-10 

3S'55 
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Table IV. 


The biological values of (he mixed proteins of ragi and other foodsinjjs 
obtained bg the growth method during periods of 4 and 8 iveehs, 
respectively, at an 8 qicr cent level of protein intake. 


Source.s of protein in the mixed diet. 

Biolooical value. 

4 weeks. 

8 weeks. 

Series 1. 



Ragi and skimmed milk powder 

o 

o 

Cl 

1-57 

Ragi and red gram (dal arhar) 

1-05 

0-96 

Ragi and Bengal gram 

1-38 

1-19 

Ragi and green gram 

l-oO 

1-23 

Ragi and black gram 

l-o4 

1-21 

Series II. 



Ragi, red gram, and skimmed m'lk powder 

1-48 

1-38 

Ragi, Bengal gram, and skimmed milk powder 

1-98 

1-78 

Ragi, green gram, and skimmed milk powder 

1-94 

1-71 

Ragi, black gram, and skimmed milk powder 

1-88 

1-50 


Discussion. 

Ragi is an important millet in tlie Indian dietary, being consumed in large 
quantities by the poorer classes in the dry parts of India. Its protein content, 
though low (7 '4 per cent), is comparable to that of rice ; but its calcium content 
is very much greater than that of all the other common cereals and millets 
(Ranganathan et al., 1937). Though the ‘ availability ’ of the calcium in ragi 
is relatively lower than that in other cereals and millets, bulk for bulk ragi may 
supply a greater amount of available calcium than rice and other cereals 
(Ranganathan, 1936). Aykroyd and Krishnan (1937) have observed that one of 
the chief deficiencies of the rice-eater’s diet is calcium ; ragi is, therefore, preferable 
to rice as a staple food for the poorer classes, provided its proteins are of good 
quality. 

In a previous investigation (Swaminathan, 1937a) the proteins of ragi were 
found to be slightly superior to those of rice for the ‘ maintenance ’ of adult rats, 
while they proved to be inferior for the ‘ growth and maintenance ’ of young rats. 
Hence it might be expected that the biological value of the total proteins in a 
mixed diet of vegetable origin containing large quantities of ragi might be Ingli 
for the ‘ maintenance ’ of nitrogenous equilibrium in adults, while the addition o 
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small quantities of milk proteins might enhance its value for the ‘ growth and 
maintenance ’ of jmung animals. These expectations have been to a large extent 
justified. The values of 71 to 84 obtained for the mixed proteins of ragi and 
different foodstuffs were further increased (84 to 94) on replacing 2 per cent 
of the pulse proteins by an equal amount of protein from skimmed milk 
powder. Similarly, values ranging from 0-96 to 1-57 obtained for the mixed 
proteins of ragi and pulses were increased (1'38 to 1'78) when 2 per cent of 
the pulse proteins were replaced by 2 per cent of milk proteins from skimmed 
milk powder. 

The average weekly increase in body-weight observed in the groups of rats 
fed on the mixed diets containing ragi and rice as the principal cereals are given 
in Table V. In the majority of the cases, increase in body-weight was greater with 
the ragi diets. On the other hand, the biological values obtained by the growth 
method for the mixed proteins of the diets containing ragi are slightly lower in 
most cases than the corresponding values obtained with mixed diets containing 
rice. This is due to the greater food intake of rats fed on the ragi diets. Similar 
observations have been made by Mitchell and Hamilton (1929). 

Supplementary relations op ragi and bice compared. 

Biological values for ragi and rice previously obtained by the nitrogen balance 
method were 89 and 80 respectively, those obtained by the growth method being 
0-71 and 1-70 (Swaminathan, 1937a). The present investigation shows that ragi 
proteins, in conjunction with the proteins of pulses and milk, are somewhat 
superior to similar mixtures containing rice instead of ragi for ‘ maintenance ’ in 
adult rats, and of equal value for ‘ growth and maintenance ’ in young rats 
(Table VI). Evidently there is a satisfactory supplementary relation between 
the proteins of ragi, pulses, and milk. 

Table V. 

Average iveekly increase in body-iveigjit during a 'period of 8 iceeks 
at an 8 per cent level of protein intake. 


Supplements added. 

Average wei 

IN BODY- 

Ragi 

supplements. 

KEY INCREASE 
WEIGHT, Q. 

Rice 

supplements. 

Skimmed milk pou der 

9-5 

12-6 

Bed gram (dal arhar) 

6-6 

7-4 

Bengal gram 

8-3 

6-8 

Green gram 

8-5 

7*5 

Black gram 

8-3 

i>'9 

Red gram + skimmed milk ponder 

95 

8-3 

Bengal gram + skimmed milk powder 

12-5 

9-9 

Greeiv gram + skimmed milk powder 

11-8 

10-9 

Black gram -}- skimmed milk pon der . . 

10-0 

8-3 
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Taulk VJ. 


Suppleineiifari/ valucf; of the 'lo'oieim of rani and rice in comhinalion vith 
ihosc oj different pulses and shininied milk poieder compared 
al an 8 ^jcr cent level of jmotcin intake. 


Supjilenicnls added. 


1 

By Tin: nitrogen rarancr 

j METHOD. 

1 

By the GROWTH 
JIETHOD. 


Ragi -j- 
supplemcnts. 

} Rice -j- 

j supplements. 

Ragi + 
supplements. 

Rice -f 
supplements. 

Skimmed milk powder 

j 

94 

80 

1-57 

. 1-86 

Red gram (dal arhar) 

• . 

S4 , 

70 

0-06 

1-26 

Bengal eram 


70 I 

00 

M9 

1-21 

Green gram 

, , 

81 1 

5G 

i 1-2.3 

1-29 

Black gram 

• • j 

76 

61 

1-21 

1-12 

Red gram -f- skimmed milk powder I 

94 ' 

00 

1-.38 

1-49 

Bengal gram + skimmed 
powder. 

milk 

88 j 

1 

! 79 

1-78 

1-89 

Green gram + skimmed 
powder. 

milk 

87 

77 

1 

1-71 

2-04 

Black gram + skimmed 
powder. 

milk 

89 

80 

1-50 1 

1-39 


The conclusion may be drawn that large quantities of animal proteins (e.g., 
milk proteins) are not required to raise the biological values of the proteins of a 
mixed diet based on ragi and otlier foods. Small amounts are of supplementary 
v.alue. 

Summary. 

Eagi proteins when supplemented by those of pulses and skimmed milk powder 
are very well suited for adult nutrition in rats, being slightly superior to those of 
rice given in similar circumstances. Eagi proteins by themselves wore found to 
allow vezy little growth in young rats, Init when supplemented by tliose of pu]se.s 
and skimmed milk powder support good growth. In this respect mixtures of 
ragi and other proteins were found to be of almost equal value to corresponding 
mixtures containing rice. 
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Part VI. 

GENERAL CONCLUSIONS. 


BY 
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(Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 


[Received for publication, March 31, 1938.] 


The nutritive and supplementary values of the proteins of different Indian 
foodstuffs have been the subject of five previous communications (Swaminathan, 
1937a, b, c and d ; 1938). In the present paper a short final summary of the 
results so far obtained is given together with certain unpublished results. • 

Two methods have been employed for assessing the relative value of the 
different proteins : (1) the nitrogen balance method for the ‘ maintenance ’ of 
nitrogenous equilibrium using adult rats and (2) the ‘ growth and maintenance ’ 
method using young rats. For details regarding the methods reference may be 
made to Parts I and II of this series. The biological values of the proteins of 
single foodstuffs, and the relative supplementary values of the proteins of mixed 
foodstuffs, are given in Tables I and II respectively. 

All the results reported relate to the total nitrogenous constituents of the 
foodstuffs examined, referred to as their ‘crude protein’ content (N x 6‘25). 
Particular attention was given to proteins of vegetable origin, since animal proteins 
have been thoroughly investigated by previous workers (Boas-Fixsen, 1935) and 
shown to be in general of high biological value. 

Cereals . — Cereal proteins, though inferior to animal proteins, possess high 
values. Six cereals were investigated. The proteins of rice were found to be of 
the highest biological value for the growth of young rats, while the proteins of ragi 
proved to be the best for ‘ maintenance ’ in adult rats. 

_ Pulses . — Pulses in general contain a high percentage of protein and so form 
an iniportant source of proteins in Indian diets ; these proteins are, however, of 
relatively low biological value. Nine common pulses were investigated. The 
proteins of red gram were'found to be the best for ‘ maintenance ’ of nitrocrenous 
equilibrium in adult rats, while the proteins of black gram supported good mowth 
in young rats. 
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Table I. 

Biological value and digestibility co-e^fficients of the proteins of 27 foodstuffs. 
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Nuts and oilseeds . — Oilseeds and nuts are ricli in protein, comparable in this 
respect witb pulses. The proteins of nuts and oilseeds "were found to be of fairly 
high biological value for ‘ maintenance ’ in adult rats. 

Vegetables . — Though vegetables do not contribute largely to the total proteins 
of the diet, they are, in proportion to their calorie yield, surprisingly rich in 
protein. Of the seven vegetables investigated five were found to contain 
proteins of fairly high biological value. 


Supplementary values. 

Recent investigations have shown (Rose, 1938) that out of the 22 known 
amino-acids, 10 are essential for growth and maintenance in the sense that they 
must be supplied by the food protein. No foreign protein contains all the essential 
amino-acids in the required proportions. Since the biological value of a protein 
depends largely upon its amino-acid make-up, the proteins of two or more food- 
stufis may be able to make good one another’s deficiencies, so that a mixture 
containing equal quantities of two proteins may have a biological value which is 
.greater than the arithmetical mean of their individual biological value. The total 
protein in an ordinary diet consists of a mixture of proteins derived from foodstuffs 
of both vegetable and airimal origin. 

The addition of small quantities of milk protein enhances the biological value 
of a mixture of proteins derived from cereals and pulses. Ragi proteins by them- 
selves were found to produce very little growth in young rats, being inferior in 
this respect to rice (Table I) ; but when ragi and rice proteins are supplemented 
by the proteins of pulses and milk, values obtained for the protein mixtures are 
almost the same. 


Biological value of proteins and ‘ well-balanced ’ diets. 

The unequal nutritive values of proteins are of importance in planning ‘ -well- 
balanced ’ diets. Tor practical puiposes, nutrition workers are accustomed to 
divide proteins broadly into two classes, the first including proteins of animal 
origin and the latter all the others. The minimum amount of animal protein 
required for optimum nutrition is still a matter of uncertainty. The results 
obtained in the present series of investigations suggest that at least 25 per cent of 
the total proteins in a diet should be of animal origin. 


Summary and conclusion. 


1. Tim biological values of the proteins of 27 common Indian foods, includimr 
cereals, 9 pulses, 4 nuts and oilseeds, 7 vegetables, and skimmed milk powder 
and the supplementaiy relations between the proteins of rice and ram and other 
foods, have been investigated. ° 


2. Though the 
biological value for 


proteins of a mixed diet of vegetable origin are of fairly biffh 
maintenance ’ of nitrogenous equilibrium in adult rats, small 
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fimoiints of animal proteins (c,g., milk proteins) arc probably necessary for satis- 
factory growth in young rats. 
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VAPJATIONS IN THE IRON CONTENT OF FOODSTUFFS 
AND THE PROBLEM OF IRON REQUIREMENTS. 

BY 

S. RANGANATHAN. 

{Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 


[Received for publieation, March 31, 1938.] 

The importance of iron in nutrition is -well known. In practical nutrition 
work tke elements wkich. usually receive the greatest attention are calcium, 
pkospliorus, and iron, these being elements which are likely to be insufficiently 
present in human diets. In assessing the general adequacy of diets, it is usual 
to work out their mineral content from tables of food analyses, and compare intake 
so calculated with standards such as those suggested by Sherman (1937). In diet 
surveys in India, intake of calcium, phosphorus, and iron has been calculated 
using the data of Ranganathan et al. (1937), which cover 200 foodstuffs. The 
figures given by these workers have been incorporated in Health Bulletin No. 23 
(1937), ‘ The Nutritive Value of Indian Roods and the Planning of Satisfactory 
Diets which is now being used in nutrition work throughout India. 

In the case of calcium and perhaps of phosphorus, the procedure outlined 
above is a reasonable one. But with iron the position is more complicated for 
a number of reasons. The most important of these is local variation in the iron 
content of foodstuffs, presumably related to differences in soil and climatic con- 
ditions. Another is the possibility of contamination of foodstuffs with iron 
during the process of preparation and cooking which may generally increase iron 
content. A third is the uncertainty regarding iron requirements. Rinally, there 
is the problem of the ‘ availability ’ of iron contained in various foodstuffs. 
These questions will be separately discussed. 


Variation in the iron content of foodstuffs. 

Tables showing the iron content of foodstuffs commonly consumed in Europe 
and America are provided by Peterson and Elvehjem (1928), Wallgren (1932), 
Shackleton and McCance (1936), Mottram and Radloff (1937), and Sherman 
[he. cii .) ; for foodstuffs common in the East there are the figures of Rosedale (1935) 
(Malaya), Ranganathan ct al. (foe. cit.) (India), Read et al. (1937) (China), and 
Aicholls (1937) (Ceylon). The accurate determination of iron in biological materials 
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The iron content of foodstuffs as reported by different uiorkers. 
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was a serious problem until a few years ago, but witb the advent of the ferric 
tbiocyanate-amyl-alcobol and other equally refined methods, technical difficulties 
have been almost overcome. Difierences in the figures for the iron content of 
the same foodstuffs given by various workers cannot be ascribed to the methods ' 
of analysis. 

Examples of variation in the iron content of different samples of the same 
foodstuff are reported in the literature. Peterson and Elvehjem {loc. cit.) found 
that certain samples of a given foodstuff may be three times as rich in iron as other 
samples. Thus, 20 samples of cabbage analj'sed by them showed an iron content 
varying from 0’17 mg. to 0'59 mg. pet cent. Similar marked variations have been 
reported by Coons and Coons (1935), Toscani and Rezinikoff (1934), and Davidson 
and LeClerc (1936). Such differences may presumably often be related to the 
iron content of the soil in which the foodstuffs anatysed were grown. 

The selection of samples may be of importance. Peterson and Elvehjem 
(loc. cit.) have observed a direct relationship between iron content and the presence 
of chlorophyll. Eor this reason tender growing shoots tend to give higher iron 
values than those given by maturer parts of the same plant. 

Table I demonstrates the range of variation in values given by different 
workers. In constructing the table no attempt was made to select only foodstuffs 
for which a widely divergent iron content has been recorded. The selection was 
a fairly random one, the only criterion for inclusion being the reporting of a figure 
by four or more workers. 

It will be seen that there is fair correspondence in the values for the iron 
content of cereals, pulses and meat given by the different investigators. There 
are, however, wide divergencies in the values for other groups of foodstuffs, 
notably leafy vegetables. Thus, the figrue for celery ranges from 0'14 mg. to 6‘25 
mg. per cent ; for lettuce from 0‘45 mg. to 2'70 mg. ; for parsley from 4‘85 mg. to 
19'21 mg. ; and for potato from 0'23 mg. to 2-00 mg. per cent. In general, the 
figrues given by workers in the East are higher than those given by European 
and American workers, and this appears in general to apply to foodstuffs other 
than those listed in Table I. 

Table 11 gives a series of values for cow’s milk collected from the literature : — 

Table II. 


Iron content of cow’s milk as reported by various ivorhers. 


Author. 

1 

1 

Date. 

1 

j Iron content, mg. per 100 c.c. 

Sherman (quoted by Stearns and 

1 

Stinger, 1937) . . I 

1907 ' 

1 0-24 

Edclstein-Csonka do. 

do. .. 1 

, 1911 

j 0*05 

Peterson and Elvehjem do. 

do. .. ! 

i 

1 192S 

i 

j 0-24 
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Variations in the Iron Content of Foodstuffs. 

Table II — concld. 


' Author. 

1 

1 

j Date. 

( 

1 

1 

Iron content, mg. per 100 c.c. 

Telfer (quoted by Stearns and Stinger, 1037) . . 

) 

um 

0-07 

to 0-11 ; average 0-08 

Cunningham 

do. do. 

1031 

0005 


Davies 

do. do. 

1031 

015 

to 0-3S 

Stugart 

do. do. 

1931 

0-0-14 

to 0-073 

Reis and Chakinahjian 

do do. 

1032 

0-14 

to 0-15 

Wallgren 

do. do. 

1932 

0-014 

to 0-032 ; average 0-024 

Rowett RcsearcJi Institute 

do. do. 

.. 

0-07 

to 0-11 

Department of Paediatrics, 
Iowa (qvioted by Stearns 

Coll, of lifed. State Univ., 
and Stinger, loc. cit.) 

1935 

0-038 

to 0-072 

Svedenins (quoted by Wallgren, loc. cit.) 

1929 1 

! 

0-163 

to 0-09 

Lesne-Clcment Zir.ine 

do. . . , 

1930 1 

0-09 

to 0-10 


I 

1 


It is clear that widely difierent figures for the iron content- of human dietaries 
would be obtained by the use of the data provided by the various investigators, 
and this would be particularly so if maximum and minimum figures were used. 
This point is illustrated by the following : A diet containing eight ingredients, 
based on cereals, a pulse, vegetables, fruit, and butter, and resembling an ordinary 
human diet in its general composition, was devised. Most of the foodstuffs 
included are commonly consumed in both Western and Eastern countries. The 
energy value of the diet is about 2,500 calories, roughly equivalent to adult 
requirements. The iron content of this diet, as calculated on the basis of the 
figures supplied by the various workers, is given in Table III. In a few mstances 
values for certain of the foodstuffs included in the diet were lacking in the lists 
given by the various workers ; in such cases the figures of Ranganathan et al. 
{loc. cit.) or of Sherman {loc. cit.) have been used. The values in question aio 
marked (R) and (S), respectively. 

The iron content of the diet is found to vary from 10-703 mg. to 51-034 mg. 
If a standard requirement of 15 mg. were adopted, the diet woiild appear to he 
deficient in iron if its iron content were calculated from A\'al]gren s figures. 
According to the figures of Shackleton and McCance, Shei-man, and Mottram and 
Radlofi, it would be in the borderline of sufficiency, while according to the « ■ 
■orovided by the other workers it appears to contain an abundance of iron. iJ 
discrepancies would be even more exaggerated had the diet included more g 
leafy vegetables. 



Table III. 

The. iron content of a diet as calculated from figures furnished by different investigate 
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Variations in the Iron Content of Foodstuffs. 

In practical dietetics, workers naturally tend to use tables of food values 
prepared in tlieir own country, and when this is done, differences between tlie 
calculated and actual iron content of diets may be relatively small, since foods 
anal 3 ^sed and foods consumed wdll tend to be generally similar in origin. It is, 
bowever, impossible to gauge the extent of such differences. In a liuge country 
like India, local variation in the iron content of the same foodstuff may be very 
considerable. Most of the foodstuffs analysed in the Laboratories were grown 
in the neighbouring plains of the Coimbatore district. The iron figures obtained 
have been used in diet surveys Wo or three thousand miles away in North and 
North-East India. Table III certainly suggests that such a procedure is unlikely 
to produce valid results. 

It is noteworthy that similar variations are not found in the figures for tke 
■calcium and phosphorus content of foodstuffs reported by different workers. 

The contajiination of foodstuffs with iron. 

In the preparation of food samples for iron analysis, the laboratory worker 
uses a stainless steel knife or some non-ferrous implement to prevent iron con- 
tamination. In households ordina|'y knives are. used, and food may be put in iron 
vessels. Experience in this Laboratory has shown that the accretion of iron 
which may result from iron contamination during storage and preparation may 
be very considerable. "Wallgrcn (loc. cit.) reports that cow’s milk stored in glass 
vessels contained 0'0226 mg. per cent of iron, while the same milk stored for a 
similar period in tin vessels was found to contain 1'225 mg. per cent. Langstein, 
Edelstein and Csonka (quoted by Wallgren, Joe. cit.) also report similar findings ; 
they reported that cow’s milk kept in glass vessels contained 0’03 mg. to 0'07 mg. 
and the same milk kept in tin vessels O’OGi mg. to 0’122 mg. per cent, 

EeQUIBEMENTS of ‘ TOTAL ’ IRON. 

The amount of iron required to maintain a positive balance is not known with 
any certainty. Sherman’s standard of 15 mg. per adult per day has been widely 
used in public health nutrition work. In the latest (1937) edition of ‘ The Chemistry 
of Food and Nutrition ’ he has reduced the standard requirement to 12 mg. 
The range of values given by different workers, representing the daily intake of 
iron needed to preserve a positive balance in individuals, is very high. Thus, 
Lintzel (1931) has observed a positive balance with an intake of 1 mg. and less; 
Farrar and Goldhamer (1935) with an intake of about 5 mg., while Ohlson and 
• Daum (1935) recorded a negative balance with an intake of 13-78 mg. 

Orten, Smith and Mendel (1936) observed that the utilization of iron was 
improved by an increased intake of calciuin. Iron requirements are of course 
increased in anaamia and in conditions in which destruction and loss of red blood 
corpuscles occur, such as hookworm and malaria. In Ind^a and other Eastern 
and tropical countries there may he a high incidence of such conditions among 
populations whose diet is the object of study. 

‘ Available ’ iron. 

The problem of iron intake and requirements has been further complicated 
bv the introduction of the concept of ‘ available ’ iron, first propounded by 
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(1930) and later extended by Elvebjem and bis co-workers (1933, 1934, and 1936). 
‘ Available ’ iron is taken by these workers to be equivalent to the simpler, inorganic 
or ionizable iron moiety of foodstuffs wbicb reacts with dipyridine and wbicb alone 
is responsible for bsemoglobin regeneration, as opposed to the more complex iron 
fraction in foodstuffs which has no physiological significance. Considerable work 
has lately been done on ‘ available ’ iron and the ‘ available ’ iron content of food- 
stuffs has been reported by several workers. Here there is the same divergence 
between the results of the different investigators as in the case of total iron. The 
‘ available ’ iron content of a foodstuff is usually represented as a percentage of 
its total iron, and it is therefore logical to expect differences, in view of similar 
diSerences in the total iron content. But even in the absolute amounts of 
‘ available ’ iron present in foodstuffs, wide variations exist. 

Table IV gives the figures for ‘ available ’ iron, expressed as per cent of total 
iron, for a few foodstuffs, randomly selected : — 

Table IV. 

‘ Available ’ iron in some common foodstuffs as reported by various 

ivorkers. 

(Per cent of total iron.) 


EoodstufE. 

Kohler, 
Elvehjem and 
Hart (1936). 

Shacldeton 
and MeCance 
{loc. cit.). 

Ranganathan 

(1938). 

Wheat 


47 


43 

Oats 

. . 

67 

• • 

43 

Peas, fresh 

. . 

72 

74 

78 

Soya bean 


80 

• 

29 

Parsley 


23 

50 

18 

Lettuce 


25 

63 

42 

Spinach 

• • 

19 

68 

19 

Apricots 


50 

98 

. . 

Almonds 


88 

99 

43 

Bananas 


61 

ICO 

47 

Beef 


50 

11 

35 

Cabbage 

• - 

.. 

62 

38 

Potato 

.. 


95 

45 

Rico 



85 

33 

Yeast 

. . 

47 


43 
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Yariaiiojis in the Iron Content of Foodstuffs. 


Halm and Wliipplc (1938) liavo recently adduced strong evidence showing 
the untcnability of the ‘ availalde ’ iron concept of Hill and liis followers, 
lonizable iron salts such as ferric or ferrous salts react quantitatively witli 
dipyridine and hence are 100 per cent ‘ aA^ailable Yet when given by moiitl 
to ainoemic animals in optimum amounts, the.se salts were found to be only 
35 per cent ‘ available , whereas the same quantities given intravenously are 
100 per cent available for liasrnoglobin formation. The same workers have 
shown that availability decreases with increasing dosage. Apricots are more 
efficient in hremoglobin regeneration than their iron content would appear to 
warrant, while fresh liver gives ri.se to twice as much hremoglobin as does its 
ash. On the ba.sis of observations of this nature, Hahn and Y'hipple have 
introduced the term ‘ physiological availability ’ of iron, in contradistinction to 
‘ availability ’ as determined by the dipyridin'e method, the application of which 
has led to numerous fallacie.s. 

More work is needed to clarify the problem of ‘ available ’ iron. The 
point wlricli it is desired to make here is that the existence of the problem 
tlirows further doubt on the value of computations of total iron intake and 
requirements from tables of food analyses. 

Conclusion. 

In view of these facts, it is felt that calculations of the iron content of dietaries 
from the figures given in such publications as Health Bulletin No. 23 are of very- 
dubious value. The Bulletin suggests that ‘ a well-balanced diet ’ for a growing 
child or an adult should contain 20 mg. of iron according to the tables. This 
figure gives a ‘ margin of safety ’. There is probably no serious danger in adopting 
the Health Bulletin standard. Nevertheless the facts put forward in this paper 
suggest that at present there is little point in carefully calculating the iron content 
of diets from data obtained in diet surveys or that of diets drawn up for institutions, 
etc. If a diet contains protein, calcium, phosphorus, and various vitamins in 
reasonably adequate amounts, its iron content will probably be adequate ; if it 
is ill-balanced and generally' deficient, e.g., based almost exclusively on milled rice, 
it is likely to be deficient in iron as well as in other food factors. At present no 
greater degree of accuracy appears possible. 

n 

Summary. 

1. The practice of computing the iron content of human dietaries from t.ables 
of food analyses has been critically considered. 

2. The variations in the iron content of foodstuffs reported by different 
workers are described. The effect of such variations in the computation of the 
iron content of human dietaries is demonstrated. 

3. In laboratory determinations of the iron content of foodstuffs special 
precautions are taken to avoid iron contamination. Calculations of the iron 
content of diets from figures in food value tables do not take into account tiie 
accretion of iron through contamination during the storage and preparation o 
foods, which may be very considerable. 
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4. The problem is further complicated by conflicting data regarding total 
iron requirements, and by the concept of ‘ available ’ iron. 

5. The conclusion is drawn that the calculation of the total iron content 
of dietaries from standard food value tables is of very dubious value. 
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There appears to be an increasing appreciation in recent years of tbe 
importance from a public health point of view of the value of diet and physique 
surveys both as a means of assessing the standard of health of the people and of 
supplying information on the lines on which improvement, if necessary, should 
be concentrated. The present study is one of several which have been appearing 
from different laboratories in India and it is intended to discuss past and recent 
work in relation to the findings in this investigation rather than give a historical 
resume. 

The diet discussed in this paper covers three classes of families, viz., 
thirty-seven from industrial coolie workers in Assam, ten from an agricultural 
area in Bengal (Barasat), and six from a well-to-do Calcutta class including a 
boarding house. In Assam 1,591 children of both sexes and in Barasat 267 boys 
were examined in respect to height, weight, hand dynamometer grip, arm-chest- 
hip measurement (A. C. H. index of nutrition), signs of angular stomatitis, phr 3 mo- 
derma, Bitot’s spots, caries, malocclusion of teeth, and enlarged tonsils. 


General conditions in Assam 

The subjects were of the coolie class, mostly Behari Hindus. They were for 
the most part domiciled in Assam and, unlike the jute-worker class did not 

( 131 ) 
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send thpir children back to their original homes ; in many cases indeed several 
generations had been resident in Assam. Tlie majority had no dependants, not 
actually living with them. The children in most cases from the age of seven got 
employment in the industry. The average wages oftlicmales wereaboutRs. 8to 
Es. 10 per month ; females (who were employed for special work at a piece rate for 
about six months of the year) could earn somewhat more — ^Rs. 7 to Es. 12 per 
month. The children of both sexes earned between Rs. 2 to Rs. 3 per month; 
wages were paid weekly. Every family had a house and plot of land for which they 
paid the employers a nominal rate. Those with larger wage-earning families could 
rent more and sometimes kept a cow. There was a small amount of indebtedness 
among themselves but no evidence of a tribute to foremen, etc., which is known to 
prevail in other industries. They were -given a holiday once a week during which 
they appeared to be able to spend a certain amount on liquor. Their rice, dal, 
certain vegetables, and oil were purchased with cash, while green vegetables were 
supplied from their own plots. No milk was available for sale among the coolies; 
any milk consumed being derived from their own cow if they possessed one. 


Barasat area. 

Those subjects were all of an agricultural middle class who worked on the 
land themselves and often employed additional labour as well. There w'ere, in 
addition, two cobblers, a smith, and a pleader who also cultivated their owmiand; 
one was a relatively'- well-to-do zemindar. Practically all of them w'ere dependent 
to a large extent on the land to supply their needs. Existence appeared to be 
rather hand to mouth and little money' wms handled. A certain amount of barter 
existed, fish, etc., being exchanged for soil products. In general there -a'as a 
disinclination for manual work as being below' their dignity'. It appeared that 
more could have been made of the ground had they' possessed the energy to 
w'ork it. There w'as a certain amount of indebtedness. 


Calcutta families. 

Those were all of a class earning between Rs. 200 to Rs. 500 per month 
capable of sending their children to the Hare School, Calcutta, and w'hose 
physique the writers have already discussed (Wilson, Ahmad and Mitra, 1937). 


Diet survey. 

The survey was carried out by a house-to-house visit and covered a period of 
twenty-one days in Assam and seven in Barasat and Calcutta, The analysis ot 
the diets covers the following : total protein, animal protein, total fat, animal iat, 
carbohydrates, total calories, per cent calories from cereals and pulses respectively 
total minerals, calcium, phosphorus, Ca : P ratio iron, vitamin A carot ne 
vitamin B„ flavin, vitamin Be (anti-dernaatitisb and 

were taken largely from the Health Bulletin No. 23 (1937) _ and ^ 

obtained from this Laboratory. The flavin figures were obtained from 
this Laboratory by biological assay. In this work there was often a dift 
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in tlie figures found by assay and chemical methods in favour of the former. As 
the basis of a diet survey is to assess the nutritional value of a food mixture 
in terms of its physiological effect we employed these— the assay — figures in 
preference. The values for the B(; content were also obtained from this Laboratory. 
In many cases with this particular factor, we had to take the value of a food 
from a figure obtained from a similar foodstuff which had already been analysed. 
Much stress cannot, therefore, be laid on those values in this survey. 


Discussion of diets. 

The family co-efficients employed were those suggested by the Health 
Bulletin (foe. cit.) and the Stiebling scale (calories only) in addition (Sherman, 1937). 
As regards the other constituents — the consumption units (henceforth c.u.) — have 
been worked out from the bulletin, as tlic Stiebling scale is an expression of 
standard requirements rather than wdiat is actually consumed. In recalculating, for 
instance, the actual amount of a food consumed by a child, it is obvious that 
the result will not vary much provided the same factor is used as was employed 
in obtaining the original c.u. In Assam there was every likelihood that the 
children received about their share — unselected — of the day’s dietary. 

It will be seen from Tables I, II, and III that the three groups differ quantita- 
tively in almost every respect, Assam being the poorest and Calcutta the best, 
Barasat falling midway betwefen. 


Calories. 

The following are the calorie consumptions calculated by the two standards 
for comparison ; — 


1 

Groups. 

Indian scale. ' 

i 

Stiebling scale. 

Assam 

2,101 

2,036 

Barasat 

2,743 

2,484 

Calcutta 

2,787 

2,652 

1 


Caloric consumption per consumption unit. 

On cither standard, the Assam figure appears too low. The Leatrue of 
Aations (1936) puts forward a figure (for a temperate climate) of 2,400 calories 
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net plus 75 for each hour of moderate work ; assuming tliat they do an eiglt- 
hour day this would mean a total requirement of 3,000 calories net. The 
Health Bulletin suggests a total daily intake for the average Indian of 2,600 
calories. Of the three groups the Calcutta families alone come up to the 
Stiebling scale. This deficiency in calorie intake among the poorer class 
becomes noticeable when the actual children’s allowance is calculated 
(Table V). An Assam b 03' of seven consumes 1,090 calories, while Eose (quoted 
by Bherman, 1937) recommends one of 1,600 to 2,100 per day. Even if it he 
assumed that an Assam bo}’’ of seven weighs as much as a European boy of five 
years, the intake at that age is assessed at 1,200 to 1,500 per day. A discussioa 
of the heights and weights will tend to favour the conclusion that they appear 
to be receiving too little. 


Protein, 

The consumption of this foodstuff ranges from 5S’8g. (Assam), 78'4 g. (Barasat) 
to 94‘0 g. (Calcutta) per c.u. The percentage derived from animal sources 
likewise shows a similar trend, namely, 2-7 per cent (Assam), lO’S per cent 
(Barasat), 33*0 per cent and 47 •7 per cent (Calcutta). The well-to-do in Calcutta 
obviously by choice have a protein consumption which is quantitatively and 
qualitatively on a par with European standards, while at the other extreme the 
Assam workers are at a definitel)'’ low level in both those respects. The exact 
proteiii requirements, both quantitative and qualitative, necessary for the main- 
tenance of health over a long period is still disputed. Leitch and Duckworth 
(1937) in a recent review conclude from the evidence available that probably 48'_2g. 
to 52 g. may represent the minimum at least for equilibrium over a long period. 
Many investigators have obtained nitrogen equilibrium on much less and, in view 
of the actual level of the endogenous (wear and tear) nitrogen metabolism — about 
2 g. per day (12 g. protein) — there is ever}"- theoretical reason for a h}'-pothesis that 
from 12 g. upwards of a good quality protein should be sufficient for an adult. 
It should be remembered, however, that equilibrium on such a low intake is 
dependent on (a) an adequate calorie intake containing a high percentage ot 
carbohydrates to act as sparers of protein, and (6) a high biological value and 
co-efficient of absorption for the protein mixture fed. 


Children’s intake. 

In Table V are calculated the actual protein intakes of Assam boys for each 
age from seven to twelve. These have been recalculated from the co-efficient given 
in ' the Health Bulletin. In Table VI are the figures obtained along with the 
standards recommended by theB. M. A. Committee (1933), Hawley, and Stieblmg 
for comparison. The consumption of the Assam boys is obviously much belou 
that recommended for their ages. A boy of twmlve, for instance, receives ^ g-. 
while the assessed requirement ranges from 80 g. to 87 g. per day. Ho > 
Courteney and Eales (quoted by Leitch and Duckworth, loc. cit.) 'L 

the amount of calories derived from protein in the diet of a child should be p 
cent. In the case of the Assam boys, owing to the low calorie mtake, this wo 
out at 10 per cent. In this respect their diet is perhaps qualitatively , 

standard suggested but it should be borne in mind that with a low energy 
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less protein will be available for growth. Further, those bo}’-s are much below 
the better class Indian in height and weight and in this respect their intake 
of protein is perhaps at least better adjusted to their unfortunately diminished 
needs. It should be noted that there was practically no animal protein consumed- 
by the Assam families. There was hence no chance that the young would get any 
selection from the diet, indeed there was little in the nature of a protein rich 
food for them to select with the exception of an occasional meal with meat in 
small quantity. Even on a weight basis those children are receiving less than 
has been recommended; as, for instance, 3 g. protein per kg. body-weight. 
An Assam boy of seven weighing 15 kg. should hence receive about 45 g. instead 
of which 29 '4 g. are available. 

A significant feature which probably illustrates physiological economy in 
nutrition is brought out by calculating the increase in body-weight in relation to 
the protein consumption. The following shows the average increase in body- 
weight in kg., the average percentage increase in weight per annum and 
the increase in weight per annum per gramme of protein consumed per kg. 
body-weight per day. 


1 Average rate 

1 of growth 

1 per annum, I 
kg. 

Average 
percentage 
increase in 
weight per 
annuiQ. 

1 

1 

! Average rate 
. of growth per 

1 g. protein 
consumed per 

1 kg. body- 
1 weight per 

1 day. 

Assam 

.. , 2-10 

I 

1 

'i 

10-0 

, 1-14 

Barasat 

2-05 

! 

8-6 

0-93 

1 

Calcutta 

2-16 

9*3 

1 

1 

i 1-07 

I 


It will be noted that the rate of growth (kg.) of the Assam boys is as great as 
those of Barasat who get a better diet, hlore striking is the rate of growth per 
annum per gramme of protein consmned per kg. body-weight per day; 1’14 
Assam, 0’93 Barasat, and I'OT Calcutta. Further the rate of growth as a 
percentage of the increase of body-weight is greatest in the Assam group (10 per 
cent). It wordd appear that in the Assam group the assimilation and 
utilization of protein and or food is better than in the other groups with a 
larger food intake. Certainly the growth impulse as judged by the percentage 
increase in weight is not wanting among the Assam children. “ A racial factor 
cannot be entirely excluded here but it seems possible that an insufficiency of 
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building materials or other factor has at an earlier age kept back the Assam 
group in relation to the Calcutta group by a year or two. 

Fat. 

The average intake of this food by the coolie and agricultural class in compari- 
son to European standards is strikingly low, being 11-9 g. Assam, 19-7 g. Barasat, 
and 86‘5 g. Calcutta per c.u. The problem of the fat requirements is as yet an 
unsolved and somewhat neglected problem. The fat consumption of the human 
race in general decreases as the equator is approached. This is in large measure 
due to what nature has provided in each region but attention should be drawn to 
the iiatural inclination of man in respect to this food. It will be noted that witli 
an improvement in economic status the absolute increase in the fat intake is mucli 
greater than in the case of protein. The Calcutta families consumed eight times 
as much fat but only twice as much protein as the Assam coolies. A similar 
observation has been made in Europe by Cathcart and Murray (1932) where an 
increase in the food budget was associated with a larger fat consumption, often 
with little or no change in the protein level. In Calcutta, for instance, the natural 
inclination appears to demand a fat consumption of 86 g. of almost as high as is 
taken in Europe. In Table V is calculated the fat intake of the Assam coolie 
boys. The figures range from 5-9 g. to 9-5 g. per day, almost none of which is 
derived from animal sources. The former amount could easily be consumed hv 
a laboratory rat and in view of the above observations it appears unlikely that a 
child can be considered properly nourished on such a low intake. 

Minerals. 

Calcium is second to fat only in the degree to which it falls short, above all in 
Assam, of the European standards. The following are the intakes per c.u. of the 
three groups; 0T73 g. (Assam), 0‘47 g. (Barasat), and 0’56g. to 0‘79g. (Calcutta). 
Sherman (1937) recommends about 0'67 g. or with a safety factor of 50 per cent 
1 g. for an adult and certainly this amount for a child. In Table V are shown the 
calculated allowances of the Assam boys at each age. A boy of seven, for 
instance, receives only 0’086 g. calcium per day. A calculation based on Table V 
brings out that from the ages seven to twelve 245 g. Ca would have been con- 
sumed in the diet. If 1'5 per cent Ca be accepted as the percentage of this element 
in the human body (Sherman, loc. cit.), it can be calculated from the weight of those 
boys that 147 g. Ca should have been added to the body in the five years. This 
addition could have been covered by a 60 per cent retention of the intake over 
those years, viz., 245 g. With the rather superior absolute rate of growth 
(kg. per year) of the Calcutta boys the retention should have been 186 g., i.e., 
involving 75 per cent of the intake. Apparently the low Ca intake is not 
incompatible with the theoretical requirements. Observations by Sherman 
{loG. cit.) show, however, that with a Ca intake of 0-3 g. per day about 4o 
per cent only is retained. In one experiment a child of 18 kg. body-weight, i.e., 
slightly more than the Assam boy of seven, had the capacity to retain 0 A g. 
per day (intake nearly 1 g.) for the period of observation. This 
was much more than was even available (0-088 g.) in the coolie boys diet. 
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fviitliei states tliat tlve optimal retention is about 10 mg. per kg. body-yreigbt 
per day. A point of criticism might be raised in relation to such a figure. 
Taking the average weight of all the well-to-do Calcutta boys between seven and 
twelve as 26-5 kg. and assuming a retention of 10 mg. Ca per kg. body-weight per 
day for the five years a figure of 483 g. Ca is arrived at. If the Ca is taken as 1’5 
per cent of the body the weight increase over those five years should be 30 kg., i.e., 
about twice as much as the Calcutta, American, or British boys actually do gain 
over this period. In view of the findings recorded here it would appear that either 
the Ca content of the young is more than 1-5 per cent of the body -weight or a 
retention of 10 mg. per day would not continue if the observations were carried 
on long enough. Sherman’s (loc. cit.) observations on rats do show, however, that 
the percentage of this element in the carcass of the rat may vary from 0‘8 to 1'4 
per cent according to the diet. If such a variability exists in the human subject 
it may he a factor in the cause of osteomalacia. The female endowed with a 
fragile or calcium poor bony tissue may not be able to decalcify further during 
pregnane)’’ without affecting the mechanical stability of the skeleton. Work is 
definitely indicated as to the capacity of the Indian child to retain Ca on a t)’pical 
diet. The evidence from this survey does, however, appear to show that the Ca 
intake is too low but that the standard set, namely, I’O g. per day, may not 
be necessary for normal growth. 


Phosphorus. 

The phosphorus intake varies from 1’67 g. (Assam) to 2'02 g. (Calcutta) 
per c.u. These figures do not appear to require comment except to point 
out that the average Ca : P ratio is 1 : 9’6 (Assam) and 1 : 2'6 (Calcutta). 
The former ratio is at least favourable to the absorption of Ca and unfavour- 
able to the production of rickets. A ratio of 1 ; 2 in the diet is considered 
to be the optimum for the two minerals. 


Iron. 

This element is of special interest in that there is evidence of a certain amount 
of hypochromic and/or iron deficient anfemia (personal communication) in the 
Assam group. The intake ranges from 18'7 mg. (Assam), 27 mg. (Barasat) to 
33 mg. (Calcutta) per c.u. In Assam probably only about 50 to 75 per cent is in 
an available form. As regards the normal iron requirements opinions vary. 
Sherman (loc. cit.) has estimated from a review of the literature that about 12 mg. 
IS a generous allowance for an adult. He quotes experiments to show that the 
retention of iron is better on a bread and milk than on a bread and egg-white diet ; 
the difference is, however, small. For children an allowance of 8 mg. to 12 mg. 
per day is advocated which is certainly more than the young coolies would be 
receiving. It should be mentioned, however, that the water in Assam is rich in 
n ea’ available form is unknown. Orten, Smith and Mendel 

(1936) have further shown that rats fed on a diet low in total minerals and iron 
develop a polycythoamia with a low hajmoglobin percentage which can be cured 
more effectively by the addition of extra calcium than by iron-. Similar observa- 
tions on the effect of calcium on iron retention in the human subject have been 
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made by Davidson, Fulierton, Howie, CroJl and Orr (1933). It should be noted 
that the total mineral intake in the Assam group is half that of the Calcutta 
one. Such observations suggest that the problem of iron and associated 
elements such as calcium may be related to this type of anojmia. 


Vitamin A and carotene. 

The consumption of vitamin A plus carotene per c.u. varies from 1,000 y 
(Assam) to over 7,500 y (Calcutta). In the former group this is derived almost 
entii'ely from the carotene of the green vegetables, while in the latter some 800 y 
are from pre-formed sources of vitamin A. According to Guilbert and Hart (1935) 
the requirements of vitamin A are in proportion to body-weight and are assessed 
at 20 y per kg. From Table V it will be seen that the Assam boy of seven receives 
a total of 497 y which is fully 30 y per kg. According to Aykroyd and Krishnan 
(1936) clinical signs of deficienc}’’ were observed where the intake amounted to 
about 828 y per c.u. As will be noted later (Table VIII-A) the incidence of 
xerophthalmia 15 per cent and Bitot’s spots 2’4 per cent in Assam would 
indicate that 1,000 y is barelj’- sufficient to prevent the appearance of the disease 
which certainly tends to discountenance the assertion that 20 y per kg. body- 
weight at least in association with the other constituents of this particular diet is 
adequate. Wilson, Gupta and Ahmad (1937) have showm that the absorption of 
carotene in the human subject is better on a fat rich diet, a fact which has obvious 
bearings on this survey. Further, Wilson, Ahmad and Mazumdar (1936) have 
shown in rats that a diet containing meat may favour the transformation of 
carotene into vitamin A in the liver. Moreover, the quantitative observations 
recorded here fall closely into line wdth those of Aykroyd et al. in South India. 


Vitamin C. 

The intake of ascorbic acid varies from 26 mg. (Assam), 86 mg. (Barasat) to 
133 mg. (Calcutta). Sherman quotes observations of Euler ,and Malmberg who 
found in Sweden symptoms of scurvy when the consumption fell to between 
5 mg. and 11 mg. per day. Gothlin (1934) found the minimum amount of 
vitamin C to prevent incipient scurvy to be between 19 mg. and 27 mg. 
per day. When it is considered that the vitamin C among the Assam workers 
was in the form of vegetables which were cooked, it is unlikely that their tissues 
were saturated with this substance. No obvious signs of vitamin-C deficiency 
were, however, observed among the three groups. 


Vitamin Bi. 

The intake of vitamin Bi ranges from 624 I. U. (Assam), 777 I. U. (Barasat) 
to 686 I. U. (Calcutta) per c.u. Cowgill (1934) has shown that the vitaimn-ffi 
requirements are in proportion to the energy _ consumption but exact fibres i 
the human subject depend on clinical observations a bng with an analysis o 
diets. Of two set. of families studied n Newfoundland by Aykroyd (193 ) » 
group only of which had beri-beri, the vitamin-Bi intakes were 27 I. U. (ben 
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and 391 I. U. (beri-beri free) re-calculated from Cowgill’s estimation and expressed 
in International Units. If we accept 400 as being adequate tbe diets discussed 
bere appear to be satisfactory in tliis respect. The reason for the relatively high 
figure in Assam is due to the consumption of unmilled rice. 


Vitamin Bg (anti-dermatiTis factor). 

The values in rat units vary from 279 (Assam), 326 (Barasat) to 363 (Calcutta). 
The significance of this factor for the human subject is as yet obscure. The 
munerical figure, however, probably gives an index of the amount of some of the 
B group of vitamins which appear to be necessary for human nutrition. In the 
light of Aykroyd and Krishnan’s (1936) work on the effect of yeast in curing 
angular stomatitis in children it is possible that either this substance or one of 
similar properties and closely associated with it (filtrate factor) may be involved. 
Angular stomatitis was observed in only two cases in Assam. Bone were observed 
in the other groups. 

The significance of this substance in human nutrition has yet to be elucidated. 
As it is present in human tissues it is likely to be an essential dietary constituent 
although in practice a deficiency may never occur. The amount consumed 
by the three groups varied between I'O mg. and 1’5 mg. per c.u. 


Physique and clinical survey. 

The most strilcing difference between the three groups are those of height 
and -weight (Table VII). The well-to-do Calcutta boy is, at the age of twelve, 
seventeen pounds heavier than his coolie brother. The difference is still more 
marked in the case of the girls. The boys of the Barasat agricultural class fell 
midway between. The same features are to be noted for the heights in the 
three groups. As has already been pointed out (Table VII, Charts 1 and 2) the 
growth of the coolie boy expressed as a percentage increase in body-weight per 
year is actually greater than in either of the other classes. 


Dynamometer grip. 

The hand grip shows corresponding differences for the three groups when each 
age is compared. The significance of this finding is somewhat altered, however, 
when the grip per pound body--weight is calculated. The figures are seen to be 
distinctly higher in the two groups accustomed to manual labour, namely, Assam 
and Barasat. This may be due in part to the greater amount of muscle tissue 
in relation to body-weight — and to their being accustomed to manual labour 
particularly in Assam where all the children were lighter in weight — in com- 
parison to the better off boys in Calcutta. The slightly greater superiority of 
the Barasat boys — actually probably still larger as the}' had a certain amount 
of adipose covering — may be due to a more powerful muscle tissue secondar}' 
to a better diet relatively to the Assam group. ' ' ‘ ^ 



Chakt 1. 

Height-Age, 


X— -X 

o o 



Well-to-do clnss boys (C/ilcatta) 

Middle class agricultural community boj's (Barasat, Bengal) 
Industrial clnss coolie boys (Assam) 



Age in years 


7 


8 


10 




App in vpari; 
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Symptoms op oepiciency. 

The boys in Assam may be compared to cliildrcn examined by Aykroyd 
and Krishnan (193G) in South India (group HI, Mayanur district) as they were 
approximately of the same weight. In Assam only were definite cases of angular 
stomatitis observed, 2 boys (0‘2 per cent), while the figure for the Mayanur children 
was 6-6 per cent, of phrynoderma four cases (0'2 per cent) including both sexes 
were observed and one case (0‘2 percent) in South India. The small incidence of 
phrynoderma associated with a low fat and carotene intake in Assam would appear 
to indicate that those two dietary factors are not involved in this condition. It 
should be mentioned, however, that the skin of the children in this area was dry 
both in appearance and touch. The incidence of xerophthalmia and Bitot’s spots 
was somewhat higher in Assam, viz., xerophthalmia 15*0 per cent boys and 7‘9 
per cent girls, and Bitot’s spots 2‘4 per cent Iroys and 0‘8 per cent girls. The 
incidence of Bitot’s spots for the group in South India was 3‘8 per cent. The 
carotene intakes in Assam and South India were 1,017 y (including vitamin A) and 
828 y, respectively, per c.u. This would tend to confirm the observation that 
700 y per c.u. is inadequate and that 1,000 y per c.u. is about the threshold value 
for appearance of signs of deficiency, at least when taken as part of the diet under 
discussion. 

The incidence of caries showed no correlation with diet. It was found to be 
lowest in Assam (8‘7 per cent girls and 11-0 per cent boys) and largest in Barasat 
(27‘9 per cent boys). The incidence of enlarged tonsils, hoxvever, showed a negative 
correlation with the poverty of the diet. It was least in Assam (12‘8 per. cent 
boys and 19'6 per cent girls, Barasat 28’9 per cent boys, and Calcutta 42’3 per cent 
boys and 44 per cent girls). The incidence of malocclusion of teeth, on the other 
hand, showed a distinct correlation wdth economic status as wms noted by Nicholls 
(1936) in Ceylon (Assam 23'2 per cent boys and 26‘7 per cent girls, Barasat 14‘9 
per cent boys, and Calcutta 8'0 per cent boys and 9'3 per cent girls). There 
appeared to be no correlation between caries and malocclusion of teeth. The low 
incidence of caries in the coolies wmuld appear to indicate that calcium is not an 
important factor in the production of this condition. The higher incidence among 
the well-to-do may’- be associated with the consumption of sweetoeats. 


A. C. H, INDEX. 

The figures for .the selection by the index in Assam are higher than any observed 
bv the writers in their preyious survey (Table VIII-B) (Wilson, Ahmad and Mitra, 
loc cit) The selection is distinctly correlated with economic status ; Assam 
38'7 per cent boys and 36-9 per cent girls, Barasat 33-8 per cent boys, and Calcutta 
16-3 per cent boys and 18-8 per cent girls. Previous observations have shown 
that there is no correlation between the selection by the index and the hei^ ^ 
weights and incidence of caries or enlarged tonsils. It will A 

that there is a distinct correlation between the signs of xerophthalmia and ti 
selection by the index. In Assam the selection figure for all the boys was 38j 
per cent, while of these only those who were suffering from xerophthalmia ar ^ 
the percentage is 47-6 per cent. A glance at the table will show that the md 
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still mote efiective in selecting Bitot’s spots— tlie more advanced stage. It is likely 
that many selected by the index are just on the border line of showing symptoms. 
It will be noted that the index does not select cases of malocclusion of teeth ; 
if anything it tends to exclude them. 


Discussiok op physique. 

On the combined evidence given by height and weight measurements, A. C. H. 
index, and clinical signs of deficiency disease, the Assam coolies and to a certain 
extent the Barasat boys appear to be suffering from a certain degree of malnutrition. 
Is the diet defective qualitatively, quantitatively, or both 1 The signs of deficiency 
disease clearly show that there is certainly a qualitative defect in respect of 
substances containing carotene such as leafy vegetables. The relationship 
between the low body-weight on the one hand and the low energy, protein and 
calcium consumption on the other may not be so clear. Aykroyd and Krishnan’s 
(1937) work certainly suggests, however, that the latter may be the most important 
conditioning factor. As has been shown, however, the actual rate of growth is above 
that of the well-to-do class in Calcutta. The possibility of a racial difference to 
account for the smaller physique can not be entirely excluded although against 
this there are observations (Wilson, Ahmad and Mitra, loc. cit.) which show that 
in Calcutta marked differences in weight in the same community are found to be 
associated with economic status. Unfortunately we have no figures in Assam for 
the better-off classes. The Assam coolies do not appear, however, to lack vitality 
as measured by their grip : weight ratio and relative rate of growth. 


Improvement in diet. 

In Table IV are given analyses in terms of the foodstuffs actually consumed 
by the three groups. As the economic status is improved, it will be noted that 
the consumption of milk, animal foods, leafy vegetables, dais and fruits is 
increased. On the findings of the clinical and diet surveys the consumption of 
foods rich in carotene such as leafy vegetables should be increased. This 
deficiency could be relatively easily remedied by encouraging the cultivation of such 
leafy vegetable as amaranth and drumstick leaves. An increased consumption of 
dais should also be within the means of both the Assam and Barasat groups. 
Experience, however, all over the world in recent years has shown that milk is 
probably the best supplement to a poor diet especially in the young. This, how- 
ever, is an expensive luxury for most. A cheap and possible substitute, at least 
as an expedient, is suggested by the recent observations of Aykroyd and Krishnan 
(1937), They have shown that the addition of calcium lactate or yeast to a poor 
Madrassi diet is effective in promoting the growth of rats. Cystine, casein, *and 
flavin were found to be without effect. In view of the poverty of the Assam diet 
in calcium this addition would appear to be a cheap substitute to try until such 
time as milk can be made available in adequate amount. Further, the' addition of 
extra dal might help to improve the diet in substances containing the factors present 
m yeast. One point of interest might be mentioned here. The fact that the 
Assam coolies appear to show an active growth rate in contrast to rats fed on the 
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same diet even with extra fat (unpiiWisJicd) would appear to show either that lat 
requirements differ from tliose of liuraans or t}ie cliildrcn are actually getting more 
calcium or 3 ’'east factor than is assessed in their diet. Children have he® 
observed elsewhere, even in Calcutta schools, to eat plaster from walls, etc. 
Calcium in the drinking water and the chewing of pan as thej^ grow older are 
obvious sources of this element. 


Sv^tMAliY. 

1. A diet and ph)’’sical survey has been carried out in three groups of families 
of different economic class, namely, Assam industrial workers, rural Bengal 
(Barasat) agricultural class, and well-to-do Calcutta families. 

2. The diet of the wmll-to-do appears to approximate in most respects to tk 
European standards. Tlie diet of tlie Assam coolie class is poor in total calories, 
total and animal protein, total and animal fat, calcium, and carotene. 

3. The heights and weights of the Assam children from seven to twelve years 
of age are much lower than those of the other groups. A similar finding has been 
found in Assam in respect to tlie hand dynamometer grip. 

4. The actual rate of growth expressed as a percentage increase in 
body-weight per year and the dynamometer grip per lb. body-weight (age 
neglected) are greater in the Assam than the Calcutta children. A certain 
percentage of the Assam children had xerophthalmia and Bitot’s spots with a 
carotene plus vitamin-A intake of 1,000 y per c.u. It is likely that the 
figure is near the threshold value for the appearance of signs of vitamin-A 
deficiency. 

5. A few cases of angular stomatitis and phrjmoderma were observed among 
the Assam children. 

6. The incidence of caries is greatest among the well-to-do and least 
among the poor Assam coolies. The case is just the reverse with the incidence 
of malocclusion of teeth. 

7. The selection of children by the A. C. H. index was twice as high in 
Assam than in the Calcutta group. 

8. The Assam families have certainly a qualitative and probably a quanti- 
tatively deficient diet. 

9. The diet could be improved up to a point and without much 
expenditure by the additional consumption of leafy vegetables and extra dai 

10. It is likely that the Assam and Barasat children in spite of a possible 
racial factor are below the optimum in physique and health due largely 
malnutrition. 
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TaBI! 


Diet st/rve?j of thirty-seven families of industrial workers (Assam) : intaJce ofjmtim'i 


Serial number of family. 

Number of persons. 

Number of consumption 
units. 

PnoTErN (0.), 

Fat (o.). 

Catibo- 
HYnKATE (O.) 

Cai-ories 

Total protein. 

Percentage of 
animal protein. 

Total fat. 

Porcontago of 
animal fat. 

Total. 

Total calories. 

’ 

PorcentaRo from 
cereals . 


, 

1 

2 

1-6 

92‘2 

6-1 

10-7 

11-3 

575 

2,818 

79-1 


2 

a 

6-4 

63'1 

0-8 

10-5 

0-4 

526 

2,451 

92-4 


3 

6 

4-3 

46-7 

6-4 

7-9 

24-1 

375 

1,774 

92-0 


4 

3 

2-4 

71-7 

13-5 

25-0 

31-9 

570 

2,829 

83-3 


5 

3 

2-0 

51-9 

0 

10-4 

0 

392 

1,870 

89-3 


6 

7 

3-9 

48-4 

0 

10-4 

0 

398 

1,880 

90-2 


7 

1 

O-.S 

40'.5 

0 

12-5 

0 

319 

1,575 

85-8 


8 

3 

2-8 

35-9 

0 

13-4 

0 

292 

1,434 

84-8 


9 

2 

1’8 

49-4 

0 

6-9 

0 

358 

1,814 

88-4 


10 

3 

2-1 

49-2 

0 

10-0 

0 

421 

1,972 

90-1 


11 

4 

3-3 

58-8 

1-1 

12-18 

0-4 

490 

2,338 

91-7 


12 

7 

4-2 

21-4 

6-8 

10-2 

14-3 

179-5 

901 

88-0 


13 

3 

2-3 

72-8 

5-5 

8-0 

1-0 

583-0 

2,728 

91-1 


14 

4 

2-3 

55-6 

1-5 

10-6 

6-3 

441-0 

2,083 

89-9 


15 

2 

1-8 

66-6 

5-0 

12-5 

2-4 

524 

2,276 

89-2 


16 

3 

i -8 

SI -0 

0 

17-0 

0 

661 

3.126 



17 

5 

3-0 

93-0 

7-1 

15-7 

0-3 

686 

.3,141 

87-8 


18 

4 

2-7 

GO -0 

1-3 

16-2 

0-3 

507 

2,406 

89-1 


19 

4 

3-5 

40-0 

1-5 

6-5 

0-7 

348 

1,613 

92-9 


20 

3 

2-2 

76-2 

2-8 

12-0 

1-0 

579 

2,715 

87-8 


21 

4 

3-0 

CI -1 

4-3 

8-8 

7-4 

509 

2,367 

92-6 


22 

1 

0-8 

97-1 

0 

24-4 

0 

702 

3,419 

81-1 


. 23 

1 

1-0 

81-2 

0 

11-6 

0 

572 

2,721 

82-5 


24 

6 

3-.5 

54-7 

0-6 

7-3 

0-2 

471 

2,169 

.94-1 


25 

3 

1-5 

46-4 

1-5 

7-8 

0-6 

396 

1,840 

94-0 


26 

4 

2-9 

49-7 

4-4 

9-1 

1-0 

398 

1,874 

91-1 


27 

3 

2-2 

.54-1 

8-5 

18-7 

10-7 

376 

1,877 

82-1 


28 

2 

1-8 

33-0 

0 

6-1 

0 

276 

1,295 

90-6 


29 

1 

0-8 

72-3 

0 

13-8 

0 

550 

2,846 

86-0 


30 

3 

21 

78-3 

6-5 

6-3 

0-6 

395 

1,887 

95-9 


31 

2 

1-6 

54-3 

0 

12-0 

0 

302 

1,457 

89-8 


32 

1 

0-8 

66-1 

0 

23-8 

0 

558 

2,671 

82-9 


33 

4 

2-4 

61-3 

4-4 

16-5 

1-2 

471 

2,253 

87-3 


34 

2 

1-6 

72-6 

2-8 

13-5 

1-1 

561 

2,649 

89-2 


35 

7 

5-1 

39-2 

5-7 

5-0 

0-3 

327 

1,509 

93-2 


36 

4 

2-9 

42-4 

3-7 

7-7 

1-4 

347 

1,631 

92-5 


37 

6 

3*8 

60-2 

0 

7-2 

0 

497 

2,293 

92-4 

Total .. 

131 

93-7 

2,178-6 

101-8 

443-8 

119-0 

16,942 


3,290-2 


Avebaoe 

• 3-5 

2-53 

58-8 

2-7 

11-99 

3-2 

458 

2,181 

88-9 

- 
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rincijUes, calories, minerals, and vitamins per consumption unit per day. 


JtlNERAI, MATTER (G.). 


VlTAMKS. 


Total mineral. 

Calcium. 

Phosphorus. 

Ratio Ca; P. 

1 

Iron, mg. 

Vitamin A (y). 

Carotene (y). 

Vitamin B, (Inter- 
national Units). 

Flavin, mg. 

S 

A 

9 

P 

d 

S 

C 3 

t> 

Vitamin C (asc 
acid), mg. 

9-50 

0-32 

2-21 

1 : 6-9 

24-80 

8-4 

1,244 

841 

1-520 

365 

75 

7-29 

0-14 

1-89 

1: 13-5 

20-73 

0-6 

585 

708 

1-050 

312 

19 

5-07 

0-09 

1-38 

1: 15-3 

14-46 

5-0 

193 

504 

0-846 

234 

9 

9-9 

0-39 

2-29 

1 : 5-8 

24-89 

373-0 

739 

804 

1-487 

388 

49 

.n-SS 

0-13 

1-42 

1 : 10-9 

14-67 

0 

701 

543 

0-923 

237 

9 

.^•30 

0-09 

1-42 

1 : 15-8 

14-78 

0 

149 

527 

0-897 

231 

11 

6-00 

0-24 

1-19 

1 : 5-0 

16-27 

0 

3,004 

456 

0-780 

201 

35 

, 4-36 

0-12 

1-04 

1 : 3-7 

12-06 

0 

1,584 

393 

0-687 

175 

23 

5'80 

0-15 

1-40 

1 : 11-1 

15-60 

0 

1,345 

545 

0-905 

240 

25 

6'02 

0-10 

1-47 

1 : 14-7 

16-25 

0 

339 

563 

0-940 

243 

20 

7-05 

0-19 

1-81 

1: 9-5 

20-60 

0-8 

2,527 

655 

1-123 

302 

24 

2-58 

0-10 

0-68 

1 .- 6-8 

7-15 

75-0 

843 

234 

0-415 

102 

8 

7-99 

0-19 

2-13 

1 : 11-2 

22-58 

8-0 

1,625 

773 

1-314 

257 

18 

7-17 

0-25 

1-56 

1; 6-2 

19-60 

5-2 

877 

690 

1-017 

268 

21 

1 7-85 

0-17 

1-95 

1 : 11-4 

21-53 

4-0 

1,161 

711 

1-171 

325 

12 

10-40 

0-22 

2-39 

1 : 10-9 

29-40 

0 

1,657 

905 

1-.534 

403 

47 

, 12-10 

0-45 

2-68 

1 : 5-9 

30-90 

3,420 

663 

1,003 

1-794 

420 

35 

. 7-27 

0-17 

1-80 

1 : 10-5 

20-50 

0-9 

606 

667 
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Tabk 


Diet survey of ten families at Barasat {Bei^gal) : hitake of promsk 
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Diet survey of five families {well-to-do class) and a boarding house at Calcutta (Bengal) : 


Serial number of 
family.' 

Number of persons. ' 

Number of con- 
sumption units. 


Fat (a.). 

Carbo- 

DyDRATE(G.). 


Calories 

• 

Total protein. 

Percentage of 
animal pro- 
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Total fat. 

Percentage of 
animal fat. 
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Total calories. 
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11 . 


principles, calories, minerals, and vitamins per consumption unit per day. 
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f prorimate principles, calories, minerals, and vitamins per consumption unit per day. 
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Table IV. 


Consumption of different foodstuffs per consttnq^tion unit per day 
in Assam, Barasal, and CalciiUa families. 


CoNsuJtmoN rrn day rrii j 
O. 0. 1 


Major articles of foorl. 


Assam. Barnsat. Calcutta. 


' A boardin!; 
" ! ^ 
I house, 

* Calcutta. 


Mustard oil .. 


Fruits 


19-0 23-7 


Leafy vegetables . 0'2 

Non-leafy vegetables . . 3'4 

Fish, eggs, and meat .. 0-2 
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I 13-6 
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Table V. 


Calculated intalces of certain food frincijdes hj Assam hoys 
at differe^it ages. 


■Age 

group. 

\ 

Calories. 

1 

Protein. \ 

1 

Pat. 

Ca. j 

P. 

1 

Pe. ! 

1 

j 

Carotene. 



1 

g- 

1 1 

g* 

i g* ’ 

1 

mg. 

g- 

1 

7 ! 

1,090 

1 

29'4 , 

1 

5-9 

1 

0086 

1 

0'83 

9-38 ! 

497 

8 

1 

1,308 

1 

35-2 

7-1 

0103 

]-00 

11-26 

i 

1 597 

9 

1,308 ! 

35-2 ' 

1 

1 

1 7-1 

1 

0103 

1-00 

11-26 

, 597 

10 

1,626 

' 41-1 

1 8-3 

0121 

[ 1-16 

13-13 

696 

11 

1,626 

4M 

' 8-3 

i 0-121 

1 

1-16 

13-13 

' 696 

1 

12 

1,744 

1 47-0 

1 9*5 

j 0-138 

1-33 

; 15-01 

1 796 


Table VI. 

The 'protein intake of Assam, Barasat, and Calcutta boys in relatio7i 
to different staiidard requirements. 
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Table VIII-A. 

Incidetice of different clinical conditions observed. Number of cases and 'percentage. 
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• A feiv doubtful cases only were observed. 
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A NUTRITION survey of 1,250 scliool children of Eerozepore was carried out 
a year ago (Wilson, Ahmad and Mitra, 1937). At the same time a study of the 
diet of some representative families of the area was undertaken with a view to 
correlate, if possible, the state of nutrition of the people with the quality of their 
food. This was done in the early summer months of April and May 1936. A 
year later in the same months (April and May 1937) the work was extended to 
51 families with a total population of 245 persons. These families were 
representative of the homes from which the school children, as reported 
previous^, came. 

The data were collected with the help of trained volunteers, the teachers of 
the local Government High School. Only such families were selected as were 
willing to co-operate in the investigation, and generally speaking the volunteer 
was known to the families that he visited. The records of the quantity and kind 
of foodstuffs consumed were obtained by tw'o visits dail}^ at the time of the principal 
meals and were entered on printed sheets, which were examined each day by one 
of the authors. 

As the foods consumed were similar from day to day, it was not considered • 
necessary to continue the investigation longer than 7 to 10 days. It may, however, 
be profitable to repeat the investigation in other seasons of the year when different 
types of foodstuffs are available. 
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According to their economic status the families can be placed only in two 
divisions ; (i) 43 families of the lower middle class consisting of shopkeepers, 
school teachers, and other skilled workers with a monthly income varying from 
Rs. 40 to Rs. 100; arid (w) 8 families of sweepers or unskilled workers with a 
monthly income of Rs. 15 to Rs. 25. Division (?) includes the principal 
communities of the area — Hindus, Mohammedans, and Sikhs. As it is generally 
presumed that there are differences in the dietary liabits of the difierent 
communities, the families have been divided into the following four groups for 
the purpose of this study : — 

Group I .. ..16 families of Hindus. 

,5 II .. -.19 families of Mohammedans. 

,, III . . . . 8 families of Sikhs. 

„ IV . . . . 8 families of Sweepers. 

The information collected consisted of the quantity of raw edible portion of 
each kind of foodstuff consumed by the family from day to day. No allowance 
has been made for any difference in the nutritional value of foods after cooking or 
for waste. It is presumed that there was no waste since it is customary to eat 
the unconsumed food at the next meal. Allowance has, however, been made for 
the food given to domestic animals or guests. 

The data have been analysed for total protein, fat, carboh 5 ^drates,' animal 
protein, animal fat, ash, calcium, phosphorus, total calories, and percentage of 
calories from protein, fat, carbohydrates, and cereals. The results are expressed 
in terms of consumption units per day. To reduce the data into consumption 
units the International scale of family co-efficients has been used (League of 
Nations’ Health Organization, 1932). These data are shown in Table I. 

The average composition of the diet has been considered in terms of 'seven 
different classes of foods. Table II shows the range and mean for the con- 
sumption of each class of food, per day, per consumption unit (oz.), for eacli 
group. 

The analyses of the diets, as summarized in Table I, show that they are on 
the whole adequate as regards total calories. Aykroyd (1937) has discussed at 
some length the question of suitable dietary standards applicable in India. On 
account of the warmer climate, somewhat lower basal metabolism, lower physical 
activity and the generally smaller build of the people, standards commonly accep- 
ted in Europe are probably too high to be adopted in this country. Aykroyd and 
Krishnan (1937) consider about 2,500 calories per day as representing the minimum 
energy requirement of a south Indian peasant. For these families the average 
calorie intake per day per consumption unit worked out to be 2,808, varying between 
1,924 and 3,914 in the various - groups. Sixteen families out of a total of 51 
were found to be at a level lower than 2,500. The average intake for these 
was in the neighbourhood of 2,000 to 2,300. Since the calorie requirement 
must be regarded in the light of the physical work done by the individual the 
significance of these low figures may not be stressed. The percentage o 
calories derived from difierent constituents of the food are also shown in tni 
table and it may be appreciated that cereals furnish the greater bulk ot me 
total energy requirement. 
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Table II, 


Group, 

Riee and 
atta. 
(Oz.) 

1 

' Dais. 
(Oz.) 

Fniita and 
raw vege- 
tables, 
(Oz.) 

1 

Vegetables. 

(Oz.) 

Meat, fish, 
and eggs. 
(Oz.) 

Mill: and 
curd. 
(Oz.) 

Butter and 
ghee. 
(Or.) 

I 

11-4 to 24-8 

0 to 7'2 

0 to 8-0 

1-8 to 8-5 

0 

0 to 3G-5 

Od to 2 8 

Mean 

17-4 

1-9 

2-.'> 

4-0 

0 

8-7 

1-2 

II 

12-2 to 28-2 

0to2-G 

0 to 4-4 

I 

1-9 to 19-0 

0 to 4-0 

0 to 21-G 

Oto40 

Mean 

19-8 

0-9G 

! 

1-G 

I 

.5-1 

]-5 

7-8 

1-3 

III 

15-2 to 20-6 

0-6 to 5-J 

0 to 4-6 

1 1 

1 0-G to C-2 } 

0 to 0-4 

1-3 to 23-C 

0 to 2-2 

Mean . . 

17-8 

1 

1-64 

1 

1-04 

4-16 ' 

1 

005 

12-3 

1-45 

i 

IV 

15-2 to 29-4 

1 

' 0-6 to S-G 

0 

0-8 to 8-0 

0 to 8-8 

0 to 8-0 

' 0 to 1-3 

Mean 

22-4 

2-7 

0 

3*32 

1-7 

2-4 

0-4 

Mean 

EOB ALL 
GBOUPS. 

19-4 

1-8 

1 

,■3 ] 

1 

4-3 i 

1 

1 

0-82 

1 

1 

7-8 

I'09 


The average intake of total protein is 98 g. per day per unit when all the 
families are taken together and varies from 90 g. to 109 g, in the various groups. 
It would appear obviously to be quite adequate. However, it may be pointed 
out that a very large proportion of this protein is derived from cereal grains 
(Table III) 

Table III. 


Group. 

Total protein 
intake. 

(o.) 

1 

Protein derived 
from cereal. 

(o.) 

1 

Percentage of 
protein from 
cereal. 

I 

1 

90-1 

67-8 

76-2 

II 

97-3 

! 77-2 

1 

79-3 

III 

95-1 

69-4 

73-0 

IV 

109-6 

37-4 

79-8 


The proportion of animal protein in all the groups is very low, the intake 
being 9-2 g. to 18-8 g. This is due to the vegetarian character of the diet, tii 
consumption of milk being low. 
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The fafc intake is 59 g. to 64 g. in the first three groups and over 70 per cent 
of this is derived from animal source. Group IV families which are at a lower 
economic level have a fat intake of only 3S g. of which only one-third is from animal 
source. 

The diets have been analysed only for two minerals — calcium and phosphorus. 
The calcium content of the diets in the various groups varies from 0-76 g. to 1-02 g., 
while the phosphorus content from 2'20 g. to 2'36 g. This is quite satisfactory 
according to the common standards. The fact that these diets are mainly cereal 
must be taken into consideration. The phosphorus of the cereal grains is present 
largely in the form of phytin, and the phosphorus of the phytin is only sparingly 
available to the organism. The availability of the phosphorus of the Indian 
cereals needs serious consideration*. 

The results of Table II throw further light on the character of the diet in this 
area. The average composition of the diet for all the families taken together is 


as follows ; — 

Oz. 

Atta . . . . . . . . . . 17 '8 

Rice . . . . . . . . , . 1‘6 

Dais .. .. .. .. ..1-8 

Fruits and raw vegetables .. .. .. 1'3 

Vegetables . . . . . . . . 4'3 

lileat, fish, and eggs . . . . . . . . 0’82 

IMilk and curd . . . . . . . . 7’8 

Butter or ghee .. .. .. .. 1’09 


Vlieat is the main cereal, rice being taken only on a few occasions and in 
small quantities. The intake of dal varies from 0’96 oz. to 2'7 oz. per day 
in different groups, group IV which is at the lowest economic level consuming 
the highest quantity and group II the smallest. Group I stands the second 
highest. 

The intake of fruit or raw vegetables is very small. Twenty-five out of the 
51 families are taking none at all. It is completely absent from the diet of group 
IV families. Group I families which have the highest intake consume 2 ‘5 oz. per 
day, while groups II and III I'O oz. to 1‘6 oz. The intake of cooked vegetables 
varies from 3'3 oz. to 5T oz., group IV representing the lowest level. 

The cornmon vegetables consumed were potatoes, brinials, turnips, pumpkin, 
gourd, cauliflower, etc., the green leafy vegetables being almost absent. These 
vegetables are known to be poor in vitamin C. It is possible that this fact when 
added to the possibly adverse Ca : P ratio of the food as pointed out above may 
have some bearing on the relativelj’^ high incidence of dental defects. AVilson, 
Ahmad and Mitra (1937) reported an incidence of 35-3 per cent dental caries, and’ 
30'3 per cent other dental defects in the childi'en of this area. 


a consumption of -n-he.it ntta by tlic families is ]9’4 oz. This quantity contains 

uutof*^' only about 2.) per cent of this phosphorus is available, tlie average 


about 
amount of 


J. im 


available phospborus furnished by these diets falls to a figure as low as 1’07 g. 


11 
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Meat, fish, and eggs are completely absent from the diet of families in group 1, 
in group III onl)’’ negligible quantities are consumed, ■while in group lY only tliree 
families out of 8 are taking meat. One of these taking high quantities of meat 
is rather an exception. The man keeps two dogs and every morning goes out 
into the fields hunting rabbits. Group 11 is the only group showing a consumptiou 
of any appreciable quantities of meat, fish, or eggs, though even in this group tte 
average intake was only 1*5 oz. per day. The dietary habits of Hindus (group I) 
are well known to be vegetarian. 


The quantity of milk and curd in some form or other in the diet varied from 
7'8 oz. to 12'3 oz. per day in the first three groups, group III taking the highest 
and group II the lowest amount. These quantities could be considered 
adequate if other sources of animal protein and fat were also present in tlie 
diet. The diets, however, are essentiall}'^ vegetarian with the exception of 
group II and it has already been pointed out that the diets are low in animal 
protein. These quantities of milk are inadequate for the needs of children 
and nursing and pregnant mothers. At the time of the examination of 1,250 
school children of this area information was obtained regarding the number of 
children drinking milk regularly and it was found that only 351 children took milk 
daily. The quantity of milk taken by the great majority of these children 'ivas 
not more than 8 ounces per day per head. This quantity is probably inadequate 
for growing children. 


It may be of interest to add a few general observations with regard to the 
supply and intake of milk. At the economic level we are considering only a few 
families buy milk in any appreciable quantities for drinking. When milk has to 
be purchased it will be a small quantity, just enough to make tea or occasionally a 
pudding. Curd may be purchased if no vegetable or dal has been cooked to eat 
with the bread as a meal. Thus the milk intake of such families as have to buy it 
is very small. If, however, economic and other circumstances permit, the tendency 
for families is to own a cow or a buffalo. In such cases the milk supply is plentiM, 
but the whole of the daily supply is somed and converted into lassi (buttermilk) 
and ghee. Lassi is separated and diluted largely. It is an excellent beverage m 
the warm and dry spring and summer days and there is no question of its high 
nutritive value. It is taken by the adults in fairly large quantities, but children 
take only a small quantity of it. Though a valued drink, lassi is regarded as a 
by-product in the production of ghee and is very often distributed free to neighbours 
when in excess of the requirements of the family. Ghee is utilized for the cooking 
of food and often saved up and sold. 


Even in such families where the apparent supply of milk is plentiful the 
allowance to children is not very generous, the average being about 8 oz. pei'<^y- 
The mother is anxious to save milk to get the maximum quantity of ghee. Ihe 
pow is an economic asset. All 351 children mentioned above as milk consumers 
belonged to families owning a cow or buffalo. 


The intake of ghee was found to be 1-2 oz. to 1-45 oz. per day per consumption 
unit in the families of groups I, II, and III. In the case of group IV the consump- 
tion was only OA oz. It is a general observation that with the lowering oi tn 
econonaic level the intake of fat suffers the first cut. 
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SUMMAEY AND CONCLUSIONS. 

The diets of fifty-one families of Ferozepore, Punjab, belonging to different 
communities and at two different economic levels have been investigated. It is 
found that the quantity of food as regards energj’- requirement is adequate. The 
total protein intake is satisfactory though 73 to 80 per cent of protein is furnished 
by cereal. The quantity of animal protein in the diet is low and possibly 
inadequate for growth, pregnanc5% and lactation. 

The quantity of fat in the diets appears to be adequate but it is interesting 
to note that families at a higher economic level have a fat consumption of about 
61 g. per day over 70 per cent of which is butter fat, while families at a lower 
economic level have an intake of 38 g. of which only 33 per cent is from animal 
sources. 

The calcium and phosphorus content of the diets may be adequate but since 
about 73 per cent of total phosphorus is furnished by wheat atta in which it is 
present in a poorly available form (phytin) the question deserves further investi- 
gation. 

MTieat atta constitutes the bulk of these diets. The intake of fruit and raw 
vegetables is very low, 50 per cent of the families getting none at all. The intake 
of cooked vegetables is also on the low side, the green leafy vegetables being almost 
absent. 

The diet of large groups of the community is vegetarian. Milk and milk 
products are the only source of animal protein and since their supply in the diet 
18 not very generous the diets are on the whole low in animal protein, particularly 
for the needs of children, pregnancy, and lactation. 

The supply of animal fats in the diet seems to be satisfactory. 
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In a previous paper (Giri, 1937) some observations were recorded concerning 
the protective action of pyrophosphate against the oxidation of vitamin C, and 
it was suggested that pyrophosphate could be used as a reagent for the extraction 
of vitamin C from plant and animal tissues, with a view to preventing the oxidation 
of the vitamin during extraction. 

Several methods have been proposed for the extraction and determination 
of vitamin C and some of them have the common feature that they involve the 
stabilization of the vitamin during extraction. It is \vell known that traces of 
copper and iron, which occur as impurities in the ordinary routine analysis of 
vitamin-C content of foodstuffs, catalyse the oxidation of the vitamin. Further, 
both the water and the reagents used may contain copper in such concentrations 
as to cause a rapid oxidation of the vitamin during extraction, thus resulting in 
lower titration values. 

The inhibiting action of various substances on the cataUtic oxidation of 
vitamin C has been studied by several workers, with a view to minimizing errors 
m the routine methods for the determination of the vitamin. Among the various 
reagents, particular attention may be drawn to the metaphosphoric-acid method 
devised bj' Fujita and Iwatake (1935), and subsequentlj^ developed by other work- 
ers (Musuliu and King, 1936; Levy, 1936; Hinsberg, 1937).' The use of such 
reagents in the chemical examination of vitamin-C content of plant and animal 
tissues has been discussed previously (Giri, loc. cit.) and the merits and 
dements of the various known reagents for the stabilization of vitamin C were 
considered. 
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The present inquiry ^vas undertaken to investigate the use of pyrophosphate 
as a stabilizing agent in the extraction and determination of vitamin-C content 
of plant and animal tissues. 


JDxrEKIJlENTAL. 

The materials used in the 2 )resent study were obtained fresh from the market, 
and immediately used for extraction of the vitamin. The edible portion of tie 
material was always taken for analysis, and the results are expressed in mg. of 
vitamin C present in 100 grammes of the fresh edible portion of the material. 

Extraction . — The material was cut into small pieces, and divided into two 
equal portions each weighing 10 g. To one portion 30 ml. of 20 per cent tri- 
chloracetic acid were added, and this was followed by 5 g, of pure, acid-wasied 
sand. The material was ground well in a glass-mortar, and immediately centri- 
fuged. The supernatant was decanted and the residue was again extracted rviti 
20 ml. of 20 per cent trichloracetic acid, and again centrifuged. The two extracts 
were mixed together and diluted to 200 ml. so that the final extract contained 
5 per cent trichloracetic acid. The extract was then filtered and titrated without 
delay. The other 10 g. portion of the material was extracted with a mixture of 
20 per cent trichloracetic acid and 2 per cefrt pyrophosphate, and treated 
similarly. 

Titration . — The titration and standardization of vitamin-C solution and the 
preparation of sodium pyrophosphate used in the present investigation followed 
the lines indicated in the previous paper (Giri, loc. cit.). The results are presented 
in Table I : — 

Table I. 

Vitamin-C content of foodstuffs. 


Vitamin C in mg. per 100 g. of fresh material. 


i 

1 


Exteaotion. 

Number. 

Name of material. 

1 

Botanical name. 

Trichloracetic 
acid alone. 

Trichloracetic 
acid plus 

pyrophosphate. 

1 

1 

1 

1. Plant malmah , — 

Apple 

I 

Pyrtis inalas 

4-0 

7-0 

2 

Betel leaves 

Piper belle 

11-0 

12-0 


„ another, variety, tender 

S9 

10-0 

12-0 

3 

leaves. 

Brinjal .. •• 

Solanum inelongcna 

5-0 

( 

7-0 
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Table I — contd. 





Extraction. 

u 

o 

Xi 

s 

Name of material. 

Botanical name. 

Trichloracetic 
acid alone. 

Trichloracetic 
acid plus 
pyrophosphate. 


1. Plant materials — conoid. 




4 

Cabbage 

Brassica oleracea capilata 

51-0 

69-0 


„ (after keeping the 

extract at room tempera- 
ture for 3 hours). 


42-0 

69*0 

1 

5 

Carrots 

Daitcus earota 

! 6-0 

s-o 

6 

Chillies (green) . . 

Capsicum annum 

47-0 

67-0 

7 

I Cluster beans . . . . 

Cyamopsis psoralioidcs j 

1 33-0 

36-0 

8 

Coriander leaves 

Coriandrum sativum 

58-0 

76-0 

9 

Drumstick leaves 

i Moringa oleijera 

204-0 

230-0 

i 

1 

„ (after keeping the 

extraet at room tempera- 
ture for 24 hours). j 

» 

94-0 

177-0 

10 ! 

Indian gooseberry (Amla) . . 1 

Emblica officinalis | 

639-0 

729*0 


,, (pulp dried 

at room temperature and 
powdered). 

1 

»* 1 

t 

1 

. . 1 

2,647*0 

11 i 

Orange . . . . j 

Citrus auranlium | 

25-0 

33-0 

12 

Papaya (ripe) . . . . 1 

i 

Carico papaya ( 

40-0 

49-0 


t 

1 ) (after keeping the 

extract at room tempera- 
ture for 24 hours). 

1 

19-0 

43-0 


Papaya (unripe) .. [ 

»> 

16-0 1 

20-0 

13 

[ Plantain (ripe) .. j 

Musa paradisiaca ^ 

7-0 

9-0 


1 >, (unripe) (diKerent I 

1 variety). 

*» i 

12-0 

15-0 

14 

’ Potato 

Solanum tuberosum 

6-0 ; 

8-0 

15 

■ Pumpkin (sweet) 

Cticurbila maxijna 

5-0 

6-0 

16 

Kadish . . . . j 

Raphanus sativus 

26-0 

28-0 

17 

Sueet potato 

Ipomcea batatas 

i 

30 

4-0 

18 

Tomato 

Lycopersicum esculantum 

13-0 

22-0 
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Table l~condd. 


Extkactioh. 


c Name of luatcrial. 

O 



2. Animal iissua . — 


Botanical name. 


Tricliloracctic 
acid alone. 


Tricliloracetic 
acid plus 
pyrophosphate. 


I Shecj>- 

i 

1 I Liver 


„ (after keeping the 
extract at room temperature 
for 24 liours). 


22-0 

11-0 


2 I Ividnej’ 


14-0 


„ (after keejring the 
extract at room temperature 
for 24 hours). 


11-0 


3 


Brain 


19-0 


„ (after Iteeping the 
extract at room temperature 
for 24 hours). 


12'0 


26-0 

20-0 

15- 0 

16- 0 


23-0 


20-0 


Preparation of standard solution of vitamin C. — For the preparation of 
standard vitamin-C solutions, B. D. H. ascorbic acid was used. The vitamin 
was dissolved in 5 per cent trichloracetic acid containing 0’5 g. of pyrophosphate 
in 100 ml. of the solution. It was found that the vitamin was quite stable in 
presence of pyrophosphate. The following figures (Table II) show the usefulness 
of pyrophosphate as a reagent for the preparation of standard solutions of the 
vitamin ; — 

Table II. 


Stabilization of vitamin C by pyrojdiosjihate and 
trichloracetic-acid mixture. 


Time in hours 
at room 
temperature. 

Vitamin C 
100 ML. or 

Witliout pyro- 
phosphate. 

IN MG. IN 

' SOLUTION. 

i With P 3 'ro- 
pliosphate. 

0 

— — 

j 40-0 

40-0 

2 

1 30-0 

40-0 

24 

1 4-35 

1 

38-4 
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Discussion. 

The results of the present investigation have confirmed the previous finding 
that pyrophosphate has a definite protective action against the oxidation of 
vitamin C (Giri, loc. cit.). The higher values obtained for vitamin C when 
p}T:ophosphate-trichloracetic-acid mixture was used for extraction of the vitarnin 
suggests that pyrophosphate protects the vitamin against oxidation during 
extraction. In the absence of the stabilizing agent the oxidation of vitamin C 
occurs during the process of extraction, and therefore the values obtained for the 
vitamin-C content of plant and animal materials are found to be low. In the 
light of these results, the addition of pjTophosphate to trichloracetic acid nsed for 
extraction of vitamin C from plant and animal tissues is recommended, since it 
• inhibits the oxidation of the vitamin. Further, by using such stabilizing agents, 
; the necessity for hydrogen-sulphide treatment, which is generally employed for 
reducing the reversibly oxidized vitamin C, disappears. It has been found that 
when hydrogen-sulphide reduction is used, the time of treatment should not 
exceed 30 minutes to avoid reduction of snbstances other than vitamin C 
(Mack and Tressler, 1937). The interference of such substances arising as a 
result of hydrogen-sulphide treatment can be avoided or minimized by the use 
of a stabilizing reagent such as pyrophosphate. 

The figures in Table I show that in general the green leaves contain much 
' vitamin C. The values obtained for the vitamin-C content of some of the foodstuffs 
investigated, have been found to vary from those reported by Ranganathan (1935). 
Particularly in the case of leafy vegetables, the difierence in the two sets of values 
has been found to be about 50 to 100 per cent. The vitamin content of papaya 
- has been found to increase as the fruit ripens. 

Vitamin-C content of Indian gooseberries (Amla). — One of the significant 
iv findings of the present investigation is the occurrence of vitamin C in very high 
■ concentration in Indian gooseberries. That the berries are the rich sources of 
f' the vitamin has already been pointed out by Damodaran and Srinivasan (1935). 
[L They have shown that 1 g. of fre.sh material contains about 4’13 mg. vitamin C. 
ifu Our results show that the edible fleshy portion contains as much as 7'29 mg. per 
1 g- of fresh material. Even after mercuric acetate treatment, which removes 
reducing materials other than ^itamin C, Damodaran and Srinivasan (loc. cit.) 
found that about 3'65 mg. of vitamin C are present in 1 g. of fresh material. It 
can be seen from the results in Table I that the po^^der obtained by drying the 
pulp of the berries at room temperature contains about 25 mg. of vitamin C in 
1 g- of the dry powder. 

These results are of importance in view of the fact that the berries are being 
cxtensivel}^ used in Ayiu’vedic preparations. One such preparation, which contains 
mainly the powdered pulp of the berries, is CJiyavanajirash. This is reputed to 
cure cough, asthma, consumption, and other lung diseases, and also senile decay, 
oince the berries contain about 7 mg. of vitamin C per gramme of fresh pulp, the 
V hole normal requfiement of vitamin C can readily be met by eating one or two 
Jerries a day. This quantitj', if taken every day, should be capable of saturating 
human beings with vitamin C. 

Fuithcr work on the isolation and identification of vitamin C in pure state 
irom the berries is in progress. 
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SUMMAUY. 

The appliculinn of a p3Top]iosph:il e-lriehloriiccl.ic-acitl mixture in the detei- 
mination of vitamin-C analysis of ])lant materials and animal tissues, andintfe 
preparation of stable aqueous solutions of vitamin C, is described. 

Among the plant materials analysed, Indian gooseberries arc the ricliest 
source of vitamin C. Furllicr work is in progress on the isolation of the vitamin 
from gooseberries in pure form. 
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Vitamin deficiency was considered by Bradfield (1927), McCarrison, and 
others as one of the probable causes of the increased incidence of peptic ulcer 
in South India. Vitamin-C deficiency has also been suggested as a probable 
setiological agent in the causation of peptic ulcer. Experimental evidence in 
support of this thesis is also forthcoming. Koseno (quoted by Smith and 
McKonkey, 1933) observed that the occasional occm-rence of peptic ulcer in 
the cow and the sheep was due to their feeding on dry pasture, devoid of 
vitamin C. Smith and McKonkey {loc. cit.), by feeding guinea-pigs on diet 
deficient in vitamin C, observed that 26 per cent of the animals developed 
acute haimorrhagic lesions of the stomach and duodenum and that vitamin-C 
deficiency aids also in the chronicity of an artificially produced ulcer. Observa- 
tions which might be given a similar interpretation have also been made 
previously by McCarrison (1921). 

On the basis of these experimental findings it may be concluded that vitamin- 
C deficiency may predispose to ulcer formation in the stomach and duodenum in 
animals. It was the object of the present investigation to study whether such 
a deficiency is the cause of the common occurrence of peptic ulcer in South 
India. 

Eay ct al. (1935) have developed a microchemical technique by which partial 
avitaminosis C can be made out by repeated examination of urine for ascorbic acid 
excretion. On the basis of this technique Harris et al. (1935) devised a test for 
demonstrating a relative deficiency of vitamin C in the body. If a patient ha\nng 
adequate quantities of vitamin C in the diet is made to ingest massive quantities 
of ascorbic acid, a large percentage of the extra ascorbic acid is excreted in the 
urine ; whereas in a person with an inadequate supply of vitamin C a similar 
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172 


Vilamin C and Peptic Dicer. 


massive dose of ascorbic acid leads to tlic excretion of only a small quantit}', 
the remaining amount being utilized to saturate the body. On this basis they 
have evolved a method, by which the degree of vitamin-C sub-nutrition 
can be estimated from the amount of vitamin excreted, following the ingestion 
of a constant Icnown daily supply of the vitamin by the patient. Archer and 
Graham (1936), liowcver, suggest that the percentage output is much more 
valuable evidence that a patient lias incipient scurvy tlian either the amount 
excreted after a test dose or the amount of ascorbic acid to be given to bring the 
excretion to a certain level. The condition of vitamin-C nutrition in peptic ulcer 
patients has been studied by the above method. The technique is based on 
the capacity of ascorbic acid to decolorize in an acid medium, dichlorophenol- 
indophenol indicator. For brevity only the important experimental details 
are given beloAv : — 

1. The urine is collected in dark bottles and over glacial acetic acid. The 

amount of urine taken is sucli that the concentration of the acid in 
urine before examination is not less than 10 per cent. 

2. The urine is examined as soon as possible after it is passed. In the 

present investigation the urine was examined twice in the day; 
once in the early morning for the night urine, and once in the 
evening for the day urine. It is, however, stated that urine may 
be kept with comparatively’- little loss (by’ oxidation) for about 12 
to 15 hours, with the addition of 5 per cent acetic acid (Harris 
et al., 1935). 

3. The actual titration should not take more than two minutes as 

substances other than ascorbic acid arc supposed to reduce this 
indicator slowly’. 

4. The strength of the stock dye solution was OT per cent and the titration 

was done in such a way’ that 1 c.c. to 2 c.c. urine required 0'025 c.c. 
to 0'05 c.c. indicator. In the case of more concentrated urines the 
urine was diluted proportionally’. (In the present investigation 
the dy’e solution was prepared daily’ and standardized daily’, as the 
results were found to show a greater experimental error when titra- 
tions were done Avith old solutions.) 

5. The daily test dose was given in the proportion of 5 mg. of ascorbic 

acid for every pound of body-weight. 

Blood. The principle of ascorbic-acid estimation in blood involves the removal 

of interfering substances (Emmerie, 1934) from the deprotenized blood, and 
titrating the reducible ascorbic acid (Tillman et al, 1932, quoted by Emmerie. 
loc. cit.) in an acid solution (Birch et al, 1933) Avith standard 2 : 6 dichlorophenol- 
indoplienol solution. The method of Emmerie and Marie van Ekelen (1931) 
was folloAved. 

Table I represents the ascorbic-acid content of blood in fifteen cases of 
peptic ulcer (verified by biochemical and radiological investigations and/or 

operation). 
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Table I. 


Serial 

number. 

Name. 

1 Ascorbic acid 

1 (mg. per 100 c.c. 
of blood). 

Serial j 
i number, i 

1 

Name. 

Ascorbic .acid 
(mg, per 100 c.c. 
of blood). 

1 

N. 

0*4180 

9 

' K. R. M. 

^ 0*5044 

2 

A. T. 

0*4n8 

10 

Ch. S. 

1 1*753 

3 

A. S. 

0-7875 

11 

S. 

' 1*647 

4 

B. R. 

0*5094 

j 

12 

j B. V. R. 

1*545 

5 

S. M. S. 

0*7278 

13 

* P. P. U. 

( 

0*4054 

1 

6 

^ K. 

1 1*1427 

14 

1 G. K. 

0*5792 

7 

E. N. 

^ 1*920 

15 

R. S. 

0*4856 

8 

, P. T. 

1 0*6200 



1 


Comment. 

The vitamin-C content of the blood inpeptic ulcer patients, as shown in Table I, 
shows a variation from 0'4054 mg. to 1*920 mg. with an average of 0*8971 mg. 
That these values are nearly identical with values in healthy controls (as reported 
by various authors) is seen by comparison with Table II : — 


Table II. 

^ Ascorbic acid {mg. 
per 100 c.c. of blood). 

1. Emmerie nod Slnrie van Ekelen {loc. rit.) 

2. Naraynna Menon (1935) . . 

3. Mirskj^ et al. (1935) (qiiotcd by Stephens 

and Hardicy, 1936). 

4. Deggeller (1936) 

5. Marie van Ekelen (1936) .. 


0-4105 to 1*04] 25 
0*714 to 1*275 

1*11 to 2*88 

0*5 to 1*3 

0*4 to 1*3 


One is thus justified in concluding that there is no gross vitamin-C deficiency 
in patients suffering from gastric or duodenal ulcers. 

Nine patients with duodenal ulcer have been examined by the test dose method 
and the following are the results in a tabular form. All the observations are made 
on patients soon after their admission so that the differences in their ascorbic-acid 
saturation values owing to the hospital diet are minimal. 
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lack of vitamin C and vilami)! P. According to his conception, it is a group of 
substances— flavoncs (tcntntivcly termed Autamin P) thnt are responsible for the 
favourable effect on the resistance and permeability of the capillary wall in patho- 
logical conditions. Hence it may be that though deficiency of Adtamin G is present 
there is an adequate amount of Autamin P and this prcA’'cnts the development of 
scurAy. The rarity of reports of genuine cases of scurvy in South India lends 
evidence to the same. i\Ioreovcr. it has been observed (iSbarasiraha Rao, 1938) in 
a dietetic survey that the diet of the labourer, in whom peptic ulcer is found most 
commonly to occur, is not markedly deficient in vitamin C. It seems, therefore, 
that low Adtamin-C reserves found in peptic ulcer patients liave probablj' no 
relation to the chronicity of the ulcer. 


SUiAIMARY. 


1. The ascorbic-acid content of the blood in patients suffering from peptic 
ulcer has been estimated and found to be Avithin normal limits. Patients witli 
peptic ulcer as Avell as healthy controls shoAV incomplete satimation with vitamin 
0 as judged by Harris and Ray’s test dose method. 

2. Vitamin-C deficiency is jjrobably not an aetiological factor in the formation 
of peptic ulcer. 
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Part I. 

BIOLOGICAL. VALUE OF THE PROTEINS OF RUHEE [LABEO 
ROHTTA) AND HILSA (CLVPEA ILISA) BY THE NITROGEN- 
BALANCE AND GROWTH METHODS, AND SUPPLE- 
MENTARY EFFECT OF FISH ON 
PULSE PROTEINS. 


BY 

KALI PADA BASU, 

.\ND 

HARI NATH DE. 

(From the Biochemistry Section, Chemical Laboratories, Dacca University.) 

[Received for publication, February 1, 1938.] 

Fish is anjinportant article of foodstuff in Bengal and is taken almost daily, 
Fisli supplies animal protein an adequate provision of which in Indian dietaries 
is very important. The liver and body oils of some varieties of Indian fish 
might prove to be very rich sources of vitamins A and D. The different 
varieties of fish are not very probably of the same nutritional value, and as vet 
no systematic investigation of the Bengal fish has been undertaken from this 
standpoint. 

Our investigations would include a systematic study of the protein content 
and its biological value, vitamins A and D and sterols of the bod}' and liver oils, 
and also of the mineral constituents of the different varieties of Bengal fish. 

The present paper deals with the determination of the quality of the proteins 
of the two very common varieties of fish in Bengal, the Labco rohila (ruhee) and 
tlie Clupca ilisa (hilsa) and also of the effect of mode of preparation of the meal 
on the quality of the proteins. 

J, MU ( 177 ) 12 
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Schneider (1932) made the nitrogen balance studies with various fish meals 
of America and found the biological value of white fish meal to be 84. Later on 
Maynard and Tunison (1934) re-investigated the same with menhaden fishmeal 
and supported Schneider’s result. Wilder, Bethkc and Eecord (1934) using 
nitrogen balance in rats determined the Iriological value of haddock fish meal after 
varying heat treatment for the preparation of tlic meal. 

In this investigation the biological value of the fish proteins has been deter- 
mined, at different levels of protein intake (5, 10, and 15 per cent protein in the 
diet) both by the balance-sheet method and by the growth of young rats. The 
technique followed in this case %vas the same as in the previous investigations in 
this laboratory (Basil d ah, 1936a and b ; Basu and Basak, 1937 ; and Basu, 
Nath and Mukherjee, 1937). 

Composition of fish and the preparation of the fish meal. 

The head, tail, and bones of the fish were rejected. The fish was cut into thin 
slices and put into the steam oven. When the slices were partially dry, they 
were chopped in a small chopper and finally dried in a steam oven. The nitrogen 
content of the meal was determined. In the case of hilsa fish a part of the oil 
was pressed out. 

The sun-dried meal was prepared by drying in the sun after partially drying 
in the steam oven. 

The composition of the whole fish and the meals are indicated in Table I 


Table I. 


Variety. 

Crude protein, 
per cent. 

1 

1 Moisture, 
per cent. 

Ether extract, 
per cent. 

Ash constituents, 
per cent. 

Ruheo fish (whole) 

23-28 i 


1 

f 

4*2 

\ 

Hilsa (whole) 

t 

19-67 

•• 

20-59 

•• 

Ruhee meal (steam-dried) 

72-24 

5-28 

3-87 

12-40 

Ruhee „ (sun-dried) 

76-56 

6-92 

2-24 

8-38 

Hilsa „ (steam-dried) 

60-0 

4-21 

16-23 

1 

6-41 

Hilsa „ (sun-dried) 

, 64-28 

6-49 

12-34 

4-59 
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Composition of the diets. 

The composition of the diets is indicated in Table II : — 

Table II. 


ComjJosition of the diets. 


Constituents. 

Nitrogen-free. 

PROTEIN IN DIET. 

i 

Steam-dhied 

HILSA. 

Steam-dried kdhee. 

Sdn-dreed 

^ RUHEL. j 

HILSA. 

5 per 
cent. 

10 per 
cent. 

15 per 
cent. 

5 per j 
cent. 1 

1 

10 per 
cent. 

15 per 
cent. 

1 10'2 per i 
cent. , 

1 

10 per 
cent. 

Hilsa (steam) . . 1 

^ 

50 

100 

150 

.. 1 



1 

. 1 


Ruhee (steam) . . 1 

. . 

. . 

. . 

1 

42 


126 


. • 

Ruhee (sun) 

, , 

, , 

. . 


, . 

. , 

. . ' 

1 

• • 

Hilsa (sun) 




1 -• 


, , 

. , 

1 

94 

Ghee (hutter-fat) 

72 

64 

56 

1 48 

72 

72 

72 

. 72 

60 

Chopped suaar . . 

54 

54 

54 

54 

54 

54 

54 

54 

54: ' 

Kalt mixture 

30 

24 

24 

24 

24 

24 

24 

24 

24' 

Cod-liver oil 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Calcium carbonate 

6 

6 

6 

6 

1 6 

6 

6 

6 

6 

Starch 

426 

390 

348 

306 

390 

348 

306 

• 354 

350 


I. Experiments by the balance-sheet method. — Typical data regarding the 
metabolism experiments and calculations of the biological values for 10 per cent 
protein level of hilsa and ruhee proteins in the diet are indicated in Table III. 
The results of experiments at difierent concentrations of protein in the diet are 
summarized in Table IV. 

Experiments with nitrogen-free diet were done at the beginning and also 
at the end of each series. In calculating the biological values, mean values for 
the endogenous urinary nitrogen and for the metabolic nitrogen per gramme of 
food intake were taken from the two experiments with nitrogen-free diet. 

II. Experiments by the growth method. — The quality of the two fish proteins 
has also been determined by the growth induced in young rats per gramme of 
l)rotein intake over a period of four and of eight weeks. Experiments were carried 
out at 5, 10, and 15 per cent protein concentrations in the diets, the composition 
of which was the same as given in Table II. The growths obtained and the 

biological values |^= —"el ' ll "ntaUc (g ~ ) ] protein level are indicated in 

Table V, and the results at different protein concentrations are summarized in 
lable VI. The technique employed was the same as. used in the previous 
investigations from this laboratorj' (Basu, Nath and Ghani, 1936a and b ; Basu, 
bath and Mukherjee, foe. cit. ; Basu and Basak, foe. cit.). 

III. Effect of sitn-drying. — As sun-dried fish is consumed in some parts of 
Eengal, the effect of dr3'ing the fish in the sun instead of drying it in the steam on 

lie quahtv of the proteins has been investigated both by balance-sheet and 
growth methods. 


Table III. 

Balance'sheet experiments zvith proteins of hilsa and ruliee. 
{Figures of intake and eoccretion represent daily averages.) 
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ErrECT OP sex upon growth per gramme of protein. 

The effect of sex of the rat on the biological value is indicated in 
Table VII 

Tabee VII. 

Effect of sex on the growth. 


Type of the diet. 


Ruhce (sun-dried) 


Hilsa (sun-dried) 


Hilsa (steam dried) . . 


Euhee (steam dried) . . 


otein, 

cent 

Number of 
rats used. 

Average gain per 
gramme of 
protein. 

10 

! 3 Ma!es 

1 

1-31 

10 

3 Females 

1-34 

15 1 

4 Males 

1-55 

15 

2 Females 

1-40 

5 

4 Males 

1-47 

5 

2 Females 

1 1-46 

10 

3 Males 

1-59 

10 

3 Females 

i 1-50 

15 

2 Males 

1 

15 

4 Females 

, 1*67 

1 

10 

1 

4 Males 

1 

1-87 

10 

I 2 Females 

j 1-75 

10 

\ 

1 3 Males 

1 

1 

10 

1 3 Females 

1 1-53 


It will be seen from Table VII that with one exception — hilsa (steam-dried) 
at 10 pet cent level — the male rats made a greater gain in iveight per gramme 
of protein consumed than the female ones. 


Discussion. 

Eesults obtained indicate that the proteins of Labeo roliiln are more digestible 
and are also superior to those of the Chipea ilisa both for the maintenance of 
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nitrogen balance as well' 'as for promoting growth in young rats. In this 
connection it should b^ remembered that ruhee fi.sh was dried directly, whereas, 
the hilsa was dried after pressing out a certain amount of oil. A fraction of 
protein might be lost in^ the process — and this protein might he of higbi 
biological value. AVith hilsa diets the food intake was lower than with the 
ruhee diets. It also ajjpears that, for the same fish, sun-dried meal is superior 
to the steam-dried variety. The protein in the former is more digestible anl ' 
shows a higher biological value than the protein in the latter. The rats 
receiving the sun-dried meal retained more protein and made a larger gain, 
in Aveight than those on steam-dried fish meal. That. high temperatures have 
a detrimental effect upon the quality of ffsh proteins were preA'iously observed 
by Schneider {Joe. oil.), Maynard cl ol (1932 and 1931), Invaldsen (1929), and 
by AVilder el al. {Joe. oil.). 


In the determination of biological values by the balance-sheet method live 
weight of rats did not show any appreciable effect on the biological Ynhes. 
Increase in concentration of proteins in the diet had no effect on the digestibility 
but lowered the biological values. Ail these results are in conformity with tk 
previous results of Basu el al. {Joe. cil.) from this laboratory. 


Growdli experiments showed that, Avith one exception, the male rats mailf 
a greater gain in Aveight per gramme of protein consumed than the female 
ones. For the same fish as the concentration of protein in the diet increased. 


the ratio 


gain in weight (g.) 
protein intake (g.) 


increased. 


Our calculations, however, shoAv that tk 


ratio 


gainjn_Aveiglit 


protein coriiumed^proteih requirement for maintenaiice d^ail'ly constant an m 
pendent of protein concentration in the diet. Protein requii’ement for 
maintenance Avas obtained graphically from protein-intake and gain in body- 
weight curves. Our previous results (Basu el al., Joe. cil.) are thus supportod 
by the present observations. 


SuPPLEMENTAEY RELATION BETAVEEN LabeO rohita AND PULSE PROTEINS, 

In practical dietetics in Bengal fish, pulses, .and rice are taken together and 
hence the biological Amlues of the piroteins of mixed feed are of importance. 
In previous communications (Basu and Basalc, Joe. oil.) from this laboratory o 
marked supplementary relation between rice and pulse proteins has been reported, 
while no supplementary relation could be found betAveen the proteins of grec" 
gram and lentil (Basu, Nath and Ghani, 1936a and, 6). Recently, Swaminatlian 
(1937) at Coonoor has done some work on the biological value of proteins of mixet 
feeds containing cereals and pulses. It would be useful to find out if the^ 3S any 
supplementary relation betAveen fish (Labeo rohita) and pulse proteins. For tii 
purpose the pulses, lentil, and Lalhyrus saliva with very low biological values pa > 
Nath and Ghani, 1936a ; and Basu, Nath and Mukherjee, loc. cil.) ^ .u 

investigation by the balance-sheet method, Avhile the supplementary , g 

ruhee fish on the proteins of green gram, lentil, field-pea, and Lathjrns saliv 
been investigated by the growth method. 
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Results obtained by tlie balance-sheet method are summarized in Table YIII. 
riie biological values ' obtained by the growth method are summarized in 


Table IX : — 


Table VIII. 


Supplementary relation by the balance-sheet method. 


Mixed diet. 

Observed 

biological 

value. 

Calculated 
biological 
value. ' 

Lentd protein 2'5 per cent and ruhee 2‘5 per cent . .' 

1 

72 

1 

68-5 

Lathynis sal'aa 2‘5 per cent and ruhee 2 5 per cent 

i 74 

t 

67 

Lentil 8 per cent and ruhee 2 per cent 

61 

41-2 

Lathynis salha 8 per cent and ruhee 2 per cent 

60 

1 

55-6 


Table IX. 


Supplementary relation by the growth method. 


I 

1 

Mixed diet. ] 

Observed 

biological 

value. 

Calculated 
biological 
r alue. 

Lathynis satiia protein 2-5 per cent and ruhee protein 2'5 per cent . . 

I 

1-02 

0 78 

»> 0 jy yy yy .,1 . . 

1 1 

0 50 ' 

1 

j 0-19 

Green 'gram 4 per cent and ruhee 1 per cent .. .. ... 

1 

' 0 68 

1 

0 29 

Field-pea 9 per cent and ruhee 1 per cent 

1 

1 1*35 

MG 

Lentil 4 per cent and rulice 1 j er tent 

1 

1 0*44 

0-29 

” » „ „ 1 „ 

1 1*39 

! 

♦ 

1 

1 

1 0 69 

1 

1 


yill indicates that there is a supplementary relation between ruhee 
nsli and lentil and Lathynis sativa proteins for the maintenance of nitrogen balance 
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In cfilcnlaiinr^ tlie l)iolo£rif'al value for mixed feeds, liowever, tlie biological value 
of fish protein at. 2 or 2'5 per cent level has been taken to be the same as ato 
per cent level of protein, lint at 2 or 2‘5 per cent level of protein intake the 
biological value ol fish proteins might have a higher value, and in that case the 
supplementary effect, of fi.sh protein on puksc proteins is not very appreciable so 
far as maintenance requirement is concerned. 

It has been observed by Basu, Nath and IMulcberjec {loc. cit.) that kliesaii 
{Lallnjrus sativci) cannot promote growtli in young rats even when fed <at 10 per cent 
level. The present invc.stigation .shows that diet containing 9 per cent kbesaii 
and 1 per cent ruhec proteins produces .appreciable growth in young r.ats. Tlie 
diet containing equal parts (2-5 per cent each) of ruhec and kbesari proteins 
at 5 per cent level produces a greater gain in weight than the diet containing 
9 per cent khesari and 1 per cent ruhec proteins. 

Green gram .and lentil as observed b)’’ Basu, Nath and Ghani (loc. cit.) cannot 
promote growth in young rats when they arc fed on diet containing 5 per cent 
protein. The results in Table IX show tliat when green gram or lentil is mixed 
with ndree fish in the proportion 4 : 1 at 5 per cent level of protein, the rations 
possess appreciable values for growth promotion. 

The addition of 1 per cent, ruhee protein to 9 per cent lentil or iicld-pe.a protein 
at 10 per cent level of protein intake enhances the promotion of growth in young 
rats. Study of Table IX will show that ruhee fish protein possesses only a 
slight supplementary effect on the field-pea protein. The greatest supplementary 
effect is found in the case of Lathjrus saliva, lentil, and green gram. Even a 
slight addition of 1 per cent of ridiee protein to the proteins of the above pulses 
at 10 per cent protein level will supplement the proteins of the above three 
pulses. 

Since the proteins in fish .supplement the growth-promoting effect of the pulse 
proteins, it is highly probable that the pulse proteins will be utilized more efficiently 
when they^ are included in the diet containing fish. Although the proteins in 
Lathyrus saliva, green gram, lentil, and field-pea .are of relativelv poor quality, 
the deficiencies of their proteins will be made up when they are fed in com- 
bination with ruhee or other varieties of fish. 

Summary. 

1. The biological, values of proteins of steam-dried ruhee fish by the balance- 
sheet method at 6, 10, and 15 per cent levels of protein intake are 82-3, 7S-.9, and 
72‘5, respectively. The corresponding values for hilsa-fish proteins are 78, 69'i) 
and G2T per cent. Body-weight of rats has no effect on the biological value. 

2. The biological values of proteins of steam-dried ruhee fish by the growtli 
method at 5, 10, and 15 per cent levels of protein intake are 1-47, 1-55, ami Ijlb 
respectively, while the corresponding values for the steam-dried hnsa-nsi 
proteins are 0-25, k32, and 1-48. 

3. Sun-dried ruhee-fish meal has a higher value than the steam-dried mca 
both for the maintenance of nitrogen equilibrium and also for promoting , 
in young rats. The sun-dried hilsa-fish meal does not possess any statib 
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increased value for the maintenance of nitrogen equilibrium but has a higher 
value for promoting growth in young rats. The digestibility of the sun-dried 
product is also greater. 

4. Apx)reciable supplementary relation exists between the proteins of ruhee 
and proteins of the pulses, LatJiyrus saliva and lentil as observed by the balance- 
sheet method. Marked supplementary effect of the proteins of the ruhee fish on 
the proteins of the pulses, lentil, Lathyrus saliva, green gram, and field-pea in 
promoting growth was observed and this is of great practical importance in 
human dietetics. 
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Part n. 

EXTRACTION AND CHEMICAL ANALYSIS OE THE PROTEINS 
OF RUHEE {LABEO ROHITA) AND HILSA 
(CLUPEA ILISA). 

BY 

KALI PADA BASH, 

AND 

HARI NATH DE. 

{From the Biochemistry Section. Chemical Laboratories, Dacca University.) 

[Received for publication, Febniary 1, 1938.] 

In the previous paper (Basu and De, 1938), it has been shown that the proteins 
of the ruhee {Labeo rohita) fish are superior to those of the hilsa {Clupea ilisa) 
variety as regards their efficiency in maintaining nitrogen equilibrium and in 
promoting growth. At 10 per cent protein concentration the biological value of 
ruhee protein is 78 , while that of hilsa protein is 69 . As regards growth promo- 
tion it is found that ruhee fish at 5 per cent level is sufficient to promote growth 
and the biological value as measured by growth ratio is 1'47, while at the same 
level the proteins of the hilsa fish fail to cause any growth. At 10 per cent 
protein level hilsa fish promotes appreciable growth in young rats but the growth 
is less than with 10 per cent ruhee proteins. Since the experiments were 
conducted under identical conditions, i.e., diets were similar in composition in all 
respects, e.g., vitamins (sufficient amounts of vitamins-B complex, A and D being 
provided) and mineral matter, etc., except proteins, it was thought that this 
discrepancy between the two varieties might have been due to the difference in 
the amino-acid make-up of the proteins in hilsa and ruhee. 

No work appears to have been done on the chemical analysis of the proteins 
of Indian fish. Several analyses of fish proteins' have been carried out in Japan 
and Singapore. Sekima and Akiyama (1926) made a study of the proteins of the 
muscles of some common fishes in the Pacific coast. They only estimated the 
arginine, histidine, and lysine contents of the muscle-proteins of anchovy, herrino-, 
grouper, and tunny. Dunn (1926) in the same year reported on the essential amino- 
acid contents of the protamine of sardine. Rosedale (1929), by his modified method 

( 191 ) 
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made a series of analysis of the proteins of the most common fish of Singapore 
market. _ He carried out the analysis of the di-amino fraction of the proteins of 
muscle tissues of red snapper, ikan mcrah {Luiiamis roscus), horse mackerd 
chenchaura (Carmx rollhr), tunny, carp, etc. He (Rosedalc, 1930) also made an 
analysis of the mono-amino fraction of the proteins of horse mackerel. 

Extraction and chemical analysis of the proteins of the Labeo.rohila andtk 
Chtpea ilisa form the subject-matter of the present investigation. Besides 
furnishing knowledge about the Indian fish these investigations reveal the cause 
of the differences in the nutritive value of tlie proteins of the two 
varieties of fish. 

The composition of the whole fish and the fish nieals is already given ia 
Table I of the previous paper (Basu and De, loc. ciL). 


Percentage of total nitrogen extractable by different solvents. 

The dried fish meal, for the extraction of the proteins, was freed from oil bv 
extraction with ether. The meal was extracted successively with distilled water, 
2 per cent salt solution (optimum salt concentration), 70 per cent cold alcohol, 
70 per cent boiling alcohol, and 0‘2 per cent caustic soda solution. 'The proce- 
dure employed was the same as used by Basu, Nath, Ghani and Mukherjee (1931) 
and by Basu and Basak (1937) in this laboratory. The results obtaiiied arc 
given in Table I ; — 

Table I. 


Percentage of total nitrogen extracted loith 


Water. 

1 i 

NaCl, ' 
2 per cent. | 

! 1 

1 

Cold 

alcohol. 

1 

1 Hot 
! alcohol. 

i 

i 

1 1 

„ ' Total 

, ‘ nitrogen 

n 9 ^ x extracted, 

0-2 per cent. 1 

1 

Ruhee . . 

32-4 

1 

5-2 

2-4 : 

1 0-8 

55-6 

1 06-4 

Hilsa 

26-8 ^ 

9-9 

2*1 i 

1 

0-5 

53-7 

j 93-0 


A small percentage of nitrogen is not accounted for and probably represents 
nitrogenous substances unextractable with these solvents. It is evident that in 
both cases the highest percentage of nitrogen is obtained in the caustic soda and 
water extract. ^Vater extract contains appreciable amounts of globulin. 
globulin and glutelin were the two proteins investigated. 


Water extract (globulin and albumin). 

About 500 grammes of dried fish meal were extracted with 2| litres of 
distilled water for two hours and allowed to settle for about an hour. 
tically clear liquid was decanted off and the process of extraction J';'’, 
Tpueated twice. The aqueous extract was freed from insoluble .Z 

ceLrifuging in a powerM supercentrifuge (36,000 r.p.m.). Thus, the difii 
in filtration encountered by many was easily avoided. 
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It is interesting to note that a protein was found to separate from the clear 
extract when the latter was preserved in a refrigerator. The protein coming out 
of the extract was soluble in water at 40°C. It was purified by repeated precipita- 
tion b}^ cooling and by dialysis of the aqueous solution in distilled water. The 
‘ albumin A ’ was finally washed with absolute alcohol and ether. The amount 
of protein was, however, too small to be analysed. 

The clear solution after removal of albumin A was made half-saturated with- 
ammonium sulphate. Large quantities of precipitate came down. The preci- 
pitate was separated by a supercentrifuge and was then dissolved in 2 per cent salt 
solution and the protein was purified by dial}’sis first for four days in a cmrent of 
tap water and then for three days in a current of distilled water. The process of 
solution and subsequent dialysis was repeated several times. The protein was 
washed with absolute alcohol and ether and preserved as globulin for analysis. 

The clear filtrate after half-saturation was made fully sat-urated -vsdth ammonium 
sulphate. A precipitate came down which was soluble in water. A protein came 
down on dialysing the aqueous solution for four days in a current of tap water and 
for three days in a current of distilled water. The fraction was suspected to be 
globulin. The clear dialysate was heated on watef-bath very slowly and coagula- 
tion of the protein occurred at 45°C. The temperature was kept constant and the 
coagula separated, washed with alcohol and ether and stored as globulin. The 
amount of albumin A, however, was very small. 

Hilsafish . — A portion of the protein came out of the clear extract on cooling 
in the-refrigerator. It -nms partially soluble in -w^ater at 40°C. The soluble fraction 
after purification was stored as albumin A. The amount of albumin A of hilsa 
is very small compared with that of the ruhee. 

Globulin in large quantity was found by making the clear extract half- 
satura'ted with ammonium sulphate. This was purified in the same way as in the 
case of ruhee globulin. 

The clear filtrate from the globulin fraction, on making fully saturated with 
ammonium sulphate, gave a precipitate a fraction of which was soluble in -water. 
Globulin was separated from this fraction by the process of dialysis. 

Salt extract (globulik). 

The residue from aqueous extract was extracted by shaking for successive 
periods of two hours five to six times with 2 per cent salt solution' allowed to 
settle, and the supernatant liquid was decanted off. The process -nms repeated 
twice and the total extract was freed from suspended impmities by e'entrifuging 
m a powerful supercentrifuge (30,000 r.p.m.). 

The globulin was precipitated from the extract half-saturation -n-ith 
ammonium sulphate. The globulin was then separated from the clear filtrate by 
centrifuging, washed with water, dissolved again in salt solution, and then dial5'sed 
lor four days in a current of tap water and then in a current of distilled w'ater. The 
precipitated globulin wms then successively -washed with alcohol and ether, dried 
and preserved. The amount of globulin was, however, very small. 

It IS interesting to note that the aqueous extracts of both hilsa and ruhee 
contained a high percentage of globulin (salt-soluble protein). This may be 
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accounted for by the presence of a large amount of salt distributed in tbe body 
of tbe fish. So from the water extract almost all the globulins were obtained and 
analysed. 

Caustic soda extract (glutelin). 

Since the alcohol extracts contained a rery small amount of protein, 
extraction with this solvent was not carried out. 

The residue after the salt extraction was shaken fi,ve to six times with 0-2 per 
cent caustic soda solution for two hours on each occasion. The supernatant 
liquid wms syqihoned off and then freed from insolulilc residues by centrifuging inn 
supercentrifuge. Tlic glutelin wuas precipitated from the clear extract by making 
the solution slightly acidic with acetic acid. The precipitate was separated, 
dissolved in 0’2 per cent alkali and again precipitated by acetic acid. The process 
was repeated several times. A small amount of prolamine coming w'ith the glutelin 
was removed b}’ shaking the final glutelin with 70 per cent alcohol. The protein 
thus extracted w’as ■washed with absolute alcohol and ether and preserved for 
analysis. 

Analysis op the proteins. 

The globulin and glutelin from both the varieties of fish were analysed by tlie 
van Slyke (1911, 1915) method as modified by' Pliramer and Rosedale (1925). 
The results are indicated in Table II. 

Tywosine and tryptophane -were estimated colorimetrically by the method of 
Polin and Marenzie (1929). Cystine w’as also directly estimated by' the colorimetric 
method of Sullivan (1926, 1929) as modified by' Prunty' (J933). The results are 
indicated in Table III, 

Table II. 


Shov’ing the inirogen disirihvtion of ruhec and hilsa ghbnlins and ghdelins. 



j As PCnOEKTAGE OF TOTAL KITKOGEK. 

Nitrogen. 

Ruhee 

globulin. 

j Hilsa 

1 globulin. 

Ruhee 

glutelin. 

Hilsa 

glutelin. 

Acid-insoluble bumin 

1-OS 

1-39 

1-12 

1-28 

Acid-soluble huroiii 

1-91 

1-98 

Z-31 

2-02 

Amide . . 

C-42 

6-18 , 

12-48 

9-81 

Di-amrno /rac/ion. 



20-46 ^ 

18-29 

Arginine 

! 16-42 

14-01 

Histidine 

6-22 

5-04 

.3-98 

3-81 

Cystine (corresponding to total sulphur) 

1-92 

1-84 

2-28 

1 1-01 

Lysine 

4-28 

! 6-92 

5-42 

j 5-48 

Mono-amino fradion. 


j 

47-42 

51-65 

Ainino-N of the filtrate 

1 6,5-87 

i 54-04 

Non-amino-N of the filtrate 

1 

6-61 

7-92 

5-11 

6-54 

Total . . 

99-63 

99-32 

99-58 

99-89 
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Table III. 

Percentage of total nitrogen in the form of tyrosine, tryptophane, and cystine. 


Per cent. 

j Globuok. 

Glutelin. 

j Ruhee. ^ 

Hilsa. 

I Ruhee. j 

1 

Hilsa. 

Tyrosine 

1 4-12 

4.59 

1 

4*39 

3-62 

Tryptojihane . . 

, 1-51 

1-43 

1-72 

1-38 

Cj Stine 

1-02 

0-49 j 

1-48 1 

1-25 


It is seen from Tables II and III that the cystine content of the proteins 
as estimated by the colorimetric method is only a fraction of that calculated from 
the total sulphur content of the proteins. The remaining portion of the sulphur 
contents of the proteins represent methionine, homocystine, and other sulphur 
compounds which are not estimated by Sullivan’s method. 

Discussion. 

Analyses of the proteins from ruhee and hilsa show that there is a marked 
difference between them. 

The arginine content of both globulin and glutelin of ruhee (16-42 and 20-46 
per cent) is slightly greater than those of hilsa (14-01 and 18-29 per cent). 

Histidine contents of both globulin and glutelin of ruhee and hilsa are equal. 

Kuhee globulin contains less lysine (4-28 per cent) than hilsa globulin (6-92 
per cent). Both globulin and glutelin of ruhee possess a higher percentage 
of cystine (1-02 and 1-48 per cent) than those of hilsa (0-49 and 1-25 per cent). 
Buhee glutelin contains more tyrosine (4-39 per cent) than the hilsa glutelin 
(3-62 per cent). 

In the previous paper (Part I of this series, Basu and De, he. cit.) it has been 
pointed out by feeding experiments on young rats that the nutritive value of the 
proteins of the hilsa is lower at all levels of intake. The diet containing 5 per 
cent hilsa proteins is inadequate for growth promotion, whereas appreciable 
growth results when the level is raised to 10 per cent hilsa proteins and also with 
o per cent ruhee fish proteins. Since tjuosine is not an indispensable dietary 
component as reported by 'NVomack and Kose (1934), the discrepancy in growth 
lor the proteins of two varieties of fish is verj^ probably due to the difference in 
tlie cystine contents of the proteins of ruhee and hilsa 


Summary. 


in 


1. The percentage of total nitrogen extractable by different solvents is 96-4 
the case of ruhee and 93-0 in the case of hilsa 
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2. Optimum sodium ciiloride concentration for extraction is 2 per cent 
solution. 


3. From ruhee, water extracts 32-4 per cent, salt extracts 5-2 per cent, 
75 per cent alcohol extracts, 3-2 per cent and 0'2 per cent alkali extracts, 5o'6pet 
cent proteins ; the corresponding values for hilsa are 26-8, 9’9, 2‘6, and 53-7 pet 
cent, respectively. 

4. The globulin and the glutelin constitute the greater proportion of proteins 
in both the cases. The aqueous extracts contain mostly globulin. On coolino 
the aqueous extracts in the refrigerator .small amounts of albumin are obtained 
in both the eases, but the amounts are too small for analysis. The aqueous 
extract of ruhee contains small amounts of an albumin coagulating at 45°C. 

5. The nitrogen distribution of ruhee and hilsa fish globulin and glutelin 
has been determined by the method of van Slykc as modified by Plimmer and 
Rosedale {loc. ciL). 

6. Tyrosine and the trjqotophane contents of the proteins have been deter- 
mined by the colorimetric method of Folin el al. Trj^tophane contents of bott 
hilsa and ruhee proteins are equal. Ruhee glutelin contains more tyrosine than 
the hilsa glutelin. 

7. Ruhee fish proteins contain more sulphur containing amino acids te 
the hihsa fish proteins. 
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Previous paper of Basu and De (1938a) has indicated the superiority of 
Labeo roliita over Clupea ilisa in maintaining nitrogen equilibrium and in promoting 
growth. The superiority of the ruhee has been found to be due to a difference 
in the content of sulphur containing amino acids (Basu and De, 19386) in the two 
varieties of fish. 

It was felt to be interesting to discover if the body and liver oils of the two 
fishes reveal any difference in the vitamin-A contents. The determination of the 
vitamins- A and -D contents of the different varieties of Indian fish is a very 
important problem of nutrition in India, for some of these might prove as good or 
even more potent sources of these vitamins than cod-liver oil. Chakravorty 
ct al. (1933) and Ghosh ct al. (1934, 1935) determined the vitamin-A content of the 
liver oils of some common varieties of Bengal fish, both biologically and tintom- 
etrically, and found some but no strict agreement between the biological and the 
tintometric values. Datta and Banerjee (1934) made a study of the vitamin-A 
content of the body oils of some species of Indian fish by biological and tintometric 
examination and found a good agreement between the two results. 

( 197 ) 



198 N’lUriiional Investigation of Some Species of Bengal Fish. 

Preparation oe the oil. 

, liver of ruliee was collected in tlie early part of Pebruary andtliato! 
niisa in the early part of Slay. The liver oils were prepared by treating tk 
livers with steam and the oil liberated was filtered through anhydrous sodium 
sulphate and then extracted with ether. 

The body oils were prepared by grinding the meal with anhydrous sodinm 
sulphate and then extracting with ether. After evaporation of the ethci. 
the oils were kept in a coloured stoppered bottle. Precautions were adopted to 
prevent the oxidation of the oils. 


Technique. 

Young rats, 28 to 29 days old and weighing between 35 and 40 gramniesat 
the beginning of the experiment, were placed on a vitamin-A-free basal diet 
having the composition : — 

Parts. 

Purified casein (B. D. H.) . . . . , . 18 

Pure rice starch . , , . . . . , 66 

Salt mixture . . . . , . . . 4 

Purified yeast . . . . . . . . 10 

and this was continued till the body store of vitamin A was depleted. The casein 
was carefully freed from vitamin A. 

Vitamin D was supplied by the incorporation of bi-weekly doses of 1 
International Units. 

VTien the weight became steady after depletion of the store of vitamin 
each of the animals was placed in a separate cage with a raised screen to prevent 
access to the excreta. One rat of each litter was left upon the basal diet only 
until it died from lack of vitamin A, thus serving as a negative control. 
animals were given 4 International Units of the International standard carotene 
(supplied by the Coonoor Laboratories) daily and thus served as the positive 
control. The need for a standard group obtaining the standard dose had been 
demonstrated by Coward (1933). The best and most accurate results are obtained 
by a comparison of the response of the group of animals obtaining a given dose 
of oil with the response of another group obtaining a dose of some standard oi 
reference, two tests being carried out simultaneously. The remaining 
were then daily given graded doses of oil in addition to the basal diet. The dihio» 
used was olive ml and the fish oils were administrated orally before the basal die 
was given. 

The length of the test period necessary has been considered by various workfJ's 
Sherman and Munsel (1925), to find the vitamin-A activity of tomato, proloDge 
the test period for eight weeks. Later, Sherman and Burtius (1928) proposed 
confine the test period to four to five weeks and this has been recommenciett i 
Coward and others. Recently, Coward cf. al. (1933) have a 

increase in accuracy obtainable by the prolongation of vitamm-A ^^^t ^ 

period of three weeks is too slight to justify the expenditure of time ana . 
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which would be involved. In the present investigation the test period lasted for 
four to five weeks and it was counted from the first day of dosing. 

The growth responses in young rats for different doses of oil (both liver and 
body) are summarized in Table I : — 

Table I. 


Growth response with various doses of vitamin A containing supplements. 


Name of the 
supplement. 

Number 
of rats. 

Dose iu 
mg. 

Da\’S under 
experiment. 

Increase in 
weight per 
rat in 

g- 

Increase per 
rat pei- 
week in 

e. 

- 

Remaeks. 

Carotene 

7 

4 units 

28 

55-2 

13-8 

Group 

I 


6 

4 „ 

28 

51-6 

12-9 

ft 

n 

Ruhee-liver oil 

8 

2 mg. 

28 

12-72 

3-18 

*f 

I 

J> l> • • 

7 

5 „ 

28 

29-3 

7-3 


ft 

^ JJ • • 

7 

10 „ 

28 

48 

12 


ft 

Hilsa-liver oil 

6 

10 „ 

28 to 35 

17-66 

4-16 

.. 

ft 

)) • • 

7 

20 „ 

28 to 35 

30-4 

6-28 


*t 

Ruhee-body oil 

7 

10 „ 

28 to 35 

14-8 

3-5 


II 

l> • • 

6 

20 „ 

28 to 35 

22-9 

5-4 



Hilsa-hody oil 

6 

100 „ 

28 

Nil 

Nit 

” 

ft 


Table II indicates the growth response with 2 mg. ruhee-liver oil, 10 mg. 
hilsa-liver oil and 10 mg. ruhee-body oil. The average growths in the different 
groups are represented in the Graph. 

Table II. 


Growth response of individual rats xvith different oils. 


■ . 1 

Rat ' 
number. 

1 

1 Experi- i 

1 mental j 
_ period ' 
in weeks. 1 

Initial 
weight 
in g. 

Weight 1 
after | 
depletion | 

1 

Final weight 

1 in g. “ 

Average 
increase 
in weight 
in g. 

Average, 
increase 
in weight 
per ueek 

Mean 
weekly 
average 
gain in 

- 

i 1 


in g. j 



m g. 

g- 


Daily dose — 2 jnj. ruhee-Urer oil. Group I. 


411 

410 

431 

432 

433 

419 

420 

421 


4 1 

49 

98 

107 

9 

2-25 


4 

45 

94 

110-5 

16-5 

4-12 


4 1 

46 

98 

112 

14 

3-5 


4 ' 

40 

81 

98-2 

17-2 

4-3 


i 

48 

84 

92 

8 

O 


4 i 

44 

99 

IIS 

19 

4*75 


4 ! 

49 

SO 

90-1 

10-1 

2*52 


4 i 

- — — i_ 

41 

85 

93 

8 

2 

, 

1 

Average ' 

45' 7 

S9-S 

lOi-S ' 

12-8 

' i 

; 3'IS i 


3-18 
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Table ll—concld. 


Rat 

number. 

j 

Experi- 
mental 
period 
in weclcE. 

1 

Initial 

1 weight 

1 in g- 

! 

Weight 
after 
depletion 
in g. 

Final weight 

1 in g- 

f 

t 

Average 
increase 
in weight 
in g. 

Average 
increase 
in weight 
per veek 
j 'in g. 

Mean 
weekly 
average 
gain in 
g- 



Daily dose — 

10 my. hihn-livcT oil. 



415 

4 

40 

81 

99 

^ 18 
i 

4-5 


425 j 

5 

42 

[ 96 

1 

106 

1 10 

1 

2 


426 

4 

44 

95 

1 119 1 

1 

1 24 

6 


431 i 

4 


1 

1 ■ 

85 

1 1 

1 105 ! 

! i 

20 

5 

■ 4-16 

449 i 

1 

4 

1 

1 45 

89 

: 103 ! 

■ 1 

14 

3-5 

- 

1 

450 1 

i 

5 

42 

84 I 

1 

i 

104 

20 

4 

, 


Average j 

1 

^ 42 

88-6 

107-5 

I7-G 1 

4-16 

•• 


Daily dose , — 10 mg. nihce-hody oil. Gioiip II. 


444 

’ 

4 

39 

89 

109 

20 

5 


445 

5 

40 

95 

105 

10 

2 


450 

5 

41 

98 

103 

15 

3 


453 

4 

44 

84 

99 

16 

3-76 

. 3-S 

458 

5 

54 

94 

109 

15 

3 


461 

4 

38 

88 

97 

9 

2-25 


479 

4 

39 

76 

98 

22 

5-5 


Average 

39-2 

89-1 

102-9 

26-7 

3.5 
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Table III indicates the relative viiamin-A values of the oils unflpr 
investigation. 


Table III. 


The relative vitamin- A values of different oils. 


Name of the oil. 

1 

1 Units of vitamin A 

1 per gramme. 

Wciglifc of oil (g.) 
containing one unit. 

Riihec-livcr oil 

' ! 

' 1 

i I 

0-0021 

Hilsa-liver oil 

120 ! 

! 

0-0083 

1 

Ruhee-body oil . . j 

j 

' 1 

109 ! 

( 

0-0091 

Hilsa-body oil . . | 

1 

/ 

1 

mi j 

1 

1 

1 

Nil 


Discussion. 

Most of the animals showed a steady weight of 80 to 90 grammes after four 
to five weeks on the basal diet. The majority showed signs of blindness and 
yellow pigments were observed in the tongues of some. 

The negative control of both the groups survived from IS to 21 days sha 
the period of depletion shown by cessation of growth. 

The positive control obtaining 4 units of carotene daily showed a growtli 
response of 13*8 grammes and 12-9 grammes per week in group I and group Ih 
respectively. The relative vitamin-A values for different oils as indicated in Table 
III are computed by comparison with this sample of carotene and the values are 
absolute values in terms of International Units. 

The liver oils of ruhee and hilsa were found to be potent in doses of 2rog. 
and 10 mg., respectively. The body oil of ruhee was found to be potent in tlie 
dose of .10 mg., while the body oil of hilsa did not show any growth response even 
when given in doses of 100 mg. Three out of six rats in hilsa-body oil died after 
20 days from the beginning of the test period. 


Summary. 

1. The vitamin-A potency of the liver oil is higher in the case of ruhee feii 
than in the case of liilsa fish. ‘ The International Units of vitamin A containe 
in one gramme of the liver oil of ruhee and hilsa are 461 and 120, respectively. 

2. The potency of the body oil of ruhee is 109, while that of hdsa is m • 
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3. The figures are computed by comparison with a samj^le of the Inter- 
national standard carotene. 
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The Basal Melaholism of Uealihy Subjects . 
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Taking the average experiences the difference in the temperature of the 
non-air-conditioned and air-conditioned rooms was 6'9°F. and that in the 
relative humidity was 13 '4 per cent. The average lowering of basal 
metabolism under these circumstances was 6-6 per cent {vide Table III). 
McConnel and Yaglolou (1924) recorded lowest metabolism at the effective 
temperatures between 75°F. and 83°F. At temperatures lower than 75°F. 
the basal metabolism slowly rose, while at temperatures above 83°F. the 
metabolism rose much mo’^e sharply. 


Table III. 


Changes observed in the atmospheric conditions and in basal metabolism 
in the air-conditioned rooms. 


Number. 

Names. 

Temperature, 

B. H. 

Basal metabolism 
rate (B. M. R.). 

Decrease in 

B. M. R., per 
cent. 

1 

C. 

-8-0 

-14-0 

-3-41 

8-70 

2 

H. A. 

-7-4 

-14-8 

-2-53 

7-10 

3 

S. M. T. . . 

-7-0 

-8-5 

-3-77 

9-61 

4 

N. K. 

-6-0 

-17-0 

-2-19 

6-51 

6 

A. 

-7-0 

1 

o 

-1-02 

2*79 

6 

N. 

-7-2 

-12-6 

-2-2 

6-41 

7 

G. R. 

-7-5 

-17-0 

-1-82 

5-00 

8 

M. S. 

-8-0 

— 19-4 

-2-23 

5-88 

9 

M. 

-4-0 

-13-0 

-2-73 

7-30 


Average . . 

6-9 

13-47 

-2-43 

6-59 


Table IV gives a‘ statement of the results of the basal metabolism of the nine 
subjects in the present series, as compared with the three American standards, 
n all cases the basal metabolism of these subjects is lower than that of the 
- nierican standards. Under the ordinary atmospheric conditions the average 
subjects is low to the extent of S‘99 per cent, 5‘79 per cent, and 
per cent as compared to duBois, Harris and Benedict, and Dreyer standards, 
espectivelv. In the air-conditioned rooms the basal metabolism is very much 

16’77, 12-07, and 12-44 per cent less respectivelv as compared 
to the three standards named above. v . r 

J, MR 


14 
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Discussion. 

The ancients ascribe to climate a causative role in regard to health and disease. 
These views prevailed without material alteration till the pre-l)actcriologieal era, 
AVith the advent of microbiology and the brilliant successes achieved l)y bacteri- 
ology and allied sciences in solving the my.stery of diseases, the views regarding the 
influence of climate on health swang to the other extreme. ITowever, it is now 
being realized more and more that the study of climatic conditions should receive 
greater attention on the part of the health workers than it has done so far. In 
this country the subject of climate in direct relation to health is particularly 
important. The health status of an individual must necessarily be considered 
in terms of the range of adjustability which he possesses in relation to environ- 
mental variations. The wider this range is the better are his chances to keep 
healthy. The present study was originally designed to investigate the variations 
in the range of adjustability of different individuals in relation to changes in 
temperature and humidity as measured by an objective te.st and to determine, if 
possible, the factors influencing this range. Sufficient progress could not, un- 
fortunately, be made due to lack of facilities. The results presented here v/ill, 
it is hoped, serve to draw attention to this important problem. AVliile it is not 
permissible to discuss the significance of the observed changes in basal metabolism 
under the two sets of atmospheric conditions on the basis of the pre.sent data, the 
observations presented here would appear to suggest that in estimating the 
efficiency of ventilation it is not enough to con-sider the rate of loss of heat by the 
body, but it is necessary to take into account the rate of production of heat as it 
is definitely influenced by the atmospheric changes in temperature and humidity. 
It must, however, be clearly understood that these remarks apply only to the 
circumstances when the subjects are exposed to sudden change.* in atrno.spherie 
conditions. It is probable that when these changes are slov.' and take place by 
degrees, as for instance in seasonal changes, the bofly adjusts itself to the altered 
conditions so that no appreciable changes in basal rnetaboli.srn of individuals 
occur on that ground. 

There Ls an apparent contradiction in the re.sults obtained in thi.s .series 
of experiments and the recorded higher metaboli.sm in cold countrie.s. 'VVe 
are nor in a position to offer any explanation but it is possible that Iov/e;ing 
of basal metabolism in the cooler rooms is but a terr.porar,' pba.se and it is 
follower by a greater reactivity on the part of the bo'iV to balance the 
greater heat loss in temperate climates. 
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INVESTIGATIONS INTO THE EPIDEMIOLOGY OF 
EPIDEMIC DKOPSY.=^ 

Part VI. 

ALLYLISOTHIOCYANATE AS AN .^ETIOLOGICAL FACTOR IN 
EPIDEMIC DROPSY. 

BY 

R. B. LAL, M.B., B.S., D.P.H., P.T.M. & H., D.B., 

BASHIR AHJIAD, m.sc., pE.d., 
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S. C. ROY, M.B., D.P.H. 

(From the All-India Institute of Hygiene and Public Health, Calcutta.) 

(Inquiry financed by the Indian Research Fund Association.) 

[Received for publication, February 3, 1938.] 

In previous communications (Lai and Roy, 1937a and b) strong evidence -was 
presented to show that certain consignments of mustard oil gave rise to tj’pical 
symptoms of epidemic dropsy amongst the consumers. In the same reports a 
suggestion was thrown out that the deleterious substance was not derived from 
the oils commonly used as adulterants. It was also pointed out that for the solution 
of the problem of epidemic dropsy from the preventive aspect, 'it was necessary to 
develop methods by which batches of oil containing the deleterious substance 
could be detected and, if possible, the toxic factor could be isolated so that its 
nature and origin might be investigated. 

These problems present many difficulties. The usual practice in Bengal is 
to purchase only small quantities of oil at a time and, therefore, it is by no means 
easy to procure oil in sufficient quantities which can be definitely associated with 
epidemics. Further, as will be seen later, it has not so far been possible to 

•Read at the Silver Jubilee Session of the Indian Seknee Congress, Calcutta, 3rd Jnnuarv, 1938. 
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reproduce tlie S 5 ’^mptoms of epidemic drops)’’ in laboratory animals and recmuseto 
human experiments for these investigations has obvious limitations. 

The first substance to attract our attention was a}I}disothiocj^anate wtidi 
is liberated from sinigrin, a glucosidc naturally present in the mustard seed, bytlit 
action of a ferment known as myrosin, also present in the seed. The allylisotliio- 
cyanate content of the oil depends upon the extent of hydrolysis to which tk seed 
has been subjected in the process of expression. In the old ghani process kt 
water is added which favours the liberation of this substance. In the modero 
types of expellers, the proce.ss is dry and little or no break up of the glucoside tales 
■place, hence the addition of synthetic oil of sinapis becomes necessary to increase 
its pungency and thus its commercial value. 

The essential-oil content of the mustard seed is said to vary from 0*8 to lid 
per cent of which 97 to 98 per cent is allylisothiocyanate. Traces of propylk 
thiocyanate and allylcyanide have also been detected. . So far as we are avaic 
allylisothiocyanate and the allied compounds are the only physiologically active 
substances naturally present in the oil. Allylisothiocyanate is a powerful 
rubefacient and may cause blisters on the skin if applied undiluted. The vapoin 
causes profuse watering of the eyes. It has a strong irritant action upon the mucous 
surfaces. It is not unlikely, therefore, that the oil containing excessive amount 
of this substance would irritate the mucous membrane of the alimentary tract 
and cause gastro-intestinal symptoms •ndiich are usually the initial manifestations 
of the epidemic dropsy syndrome. However, the oil cakes which contain tk 
major part of allylisothiocyanate are greedily consumed by the cattle witliout 
any ill effects. 

In the present investigations we have approached the problem from tlirc^ 
aspects, viz., 

(1) The loss of allylisothiocyanate suffered by oil on heating in the proofs 
of cooking or otherwise, whether present naturally in the oil or added artificial J- 
This is important because most of the oil is cooked with food before consumption 
In the human experiments reported in a previous communication (Lai and lto)i 
19376) the oil was invariably cooked with food. 

(2) The effects of large doses of allylisothiocyanate mixed with oil on laborator) 

animals. . 

(3) The allylisothiocyanate contents of samples of oil used by a numhor o 
families without any ill effects as compared with the concentration of this subs an 
in oil successfully used in human experiments. 


The method of estimation of allymsothiocyanatb. 

The methods used for the estimation of allylisothiocyanate in mustard 
was a modification of that adopted by the Association of Official Agneu 
Chemists, IJ. S. A. It may be briefly described as follows j 

Ten grammes of oil were weighed into a flask and 20 c.c. of 95 per ® 
were added. The mixture was distilled in steam for half an hour, collec mg * 

100 c.c. of the distillate into a 250 c.c. volumetric flask containing 10 pj 

per cent ammonia. Care was taken to see that ^ Sded to tk 

below the surface of the solution. Twenty c.c. of N/10 AgNOs v ere ad 
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distillate and allowed to stand overnight. The mixture was then heated to boiling 
over a water -bath for 15 minutes, cooled, made up to 260 c.c., and filtered. One 
hundred c.c. of the filtrate were acidified with 5 c.c. nitric acid and titrated with 
O’Ol /N ammonium sulphocyanide solution using 3 c.o.of 10 per cent ferric ammonium 
sulphate as indicator. 

One c.c. N/10 AgNOs consume = 4-956 mg. allylisothiocyanate. 

The results of experiments summarized in Table I serve to show that this 
method can be relied upon for giving fairly accurate estimation of the amount of 
allylisothiocyanate present in the oil because known quantities of this substance 
added to samples of mustard oil freed from the essential oil naturally present 
(so that no more of it could be recovered) were almost totally recovered in 
all but one experiment. 

Table I. 


Experiments to test the efficiency of the method for the recovery of 
allylisothiocyanate. 


Serial 

number. 

Nature of sample. 

Theoretical 
quantity of 
allyliso- 
thiocyanate 
piesent in mg. 

Quantity of 
aUyliso- 
Ihiocyauate 
recovered in 
mg. 

Percentage of 
allyliso- 
thiocyanate 
recovered. 

1 

4 c.c solution of oil of sinapis 

38-0 

36-67 

96-5 

2 

5 c.c. »> it . . 

47-5 

46-1 

97-1 

3* 

Mixture of .5 c.c. oil of sinapis and 
10 g. mustard oil freed from allyl- 
isothiocyanate. 

52-5 

52-0 

99-0 

4* 

Mixture of 3 c.c. oil of sinapis solu- 
tion and 10 g. mustard oil freed from 
allylisotliioeyanate. 

31-.'i 

30-98 

98-3 

5* 

Mixture of 4 c.c. oil of sinapis solu- 
tion and 10 g. mustard oil freed from 
allylisothiocyanate. 

47-0 

38-7 ' 

82-3 

6* 

Mixture of 5 c.c. oil of sinapis solu- 
tion with 10 g. mustard oil freed from 
allylisothiocyanate. 

52-5 

49-05 

93-4 

n 

Mixture of 5 c.c. oil of sinapis solu- 
tion and 10 g. untreated mustard 
oil. 

74-2 

72-0 

97-0 

8t 

Slixture of 3 c.c. oil of sinapis solu- 
tion and 10 g. of untreated mustard 
oil. 

34-04 

35-18 

100 


itinltTi'm -V' as freed from aUylisothiocyanate bv distillintr 

bteam ior half an hour and heating it to a high temperature under pressure. ' “ 

rcco^ewK'theorbfthSfpr^^^^ 
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• I. The effect of heating the oil upon its allylisothiogyanate 

CONTENT. 

Allylisotliiocyauate being a volatile substance one would expect tbat a major 
part of it would be lost during tbc process of cooking. The method of cookiag 
commonly used in the Bengalee homes consists of first heating the oil to aliigli 
temperature in a saucepan and then adding the vegetables, curry-powder, etc., 
and just sufficient amount of w'ater to make the vegetables tender. The time 
of cooking usually varies from 20 to 40 minutes depending upon the nature of tie 
vegetables. 

In Table II is shown the percentage of all 3 disothioc 3 ^anate (natiirallj 
present) in mustard oil which is lost when the oil is boiled in water for varying 
lengths of time. In Table III the results of experiments showing the loss 
of the essential oil (naturally present) during the actual process of cooking 
vegetables are summarized. Table IV contains results of a similar experiment 
conducted with mustard oil to which oil of sinapis had been added. Table V 
shows the efiect of heating the oil, wdthout the addition of water, upon its 
aliyiisothiocyanate content. 


Table II. 


Allglisolhiocyanaic lost lohen oil is boiled in water. 


Sample 
of oil. 

Time of boiling 
(minutes). 

1 

1 

AilyJit'othiocynnato 
recovered in mg. 
from 100 g. of 
oil. 

Percentage of 
allylisotliio- 
cyanate lost. 


/ 

! 

1 

1 

1 

I 

0 

j 

i GS-O 

1 

1 

) 0 

1 


i 

5 i 

i 39-64 

t 

! 41-7 

(1) ^ 

1 ' 

1 

JO 

i 

23-3 

05-7 



1 

25 

5-9 

89-0 


j 

0 

1 

120-06 

0 

i 

i 


5 

61-95 

48-3 

(2) i 


10 

3S-00 

68-3 



15 

1 

15-36 

< 

87-5 
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Table III. 

Loss of allylisothiocyanate naturally present in oil in the process of 

cooking vegetables. 


Sample 
of oil. 

Time of boiling 
(minutes). 

Allylisothioc 3 ’'anate 
reeovered in mg. 
from 100 g. of 
oil. 

Percentage of 
allylisotbio- 
cyanate lost. 


[ 

0 

680 

0 



5 

45-84 

32-58 

I 

' 1 

;o 

24-16 

64-47 



15 

8-67 

87-25 


Table IV. 

Loss of allylisothiocyanate from a mixture of mustard oil and the oil of 
sinapis in the process of cooking vegetables. 


Sample 
of oil. 

1 

Time of cooking 
(minutes). 

Allylisothiocyanate 
recovered in mg. 
from 100 g. of 
oil. 

Percentage of 
allylisothio- 
cyanate lost. 


1 ' 

1 0 

! 1 

60-8 

1 

I 0 

A ■ 

! 1 

5 1 

1 

! 5-94 

i 

, 1 

SS-5 


15 1 

i 

i 

0*089 1 

98 0 

t 


1 

0 

52-65 

' 0 


5 

8-67 

1 

1 83-4 

1 

1 

! 

j 5-47 

! 89-5 
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Table V. 

Loss of allylisolhiocyanate on heating nnislard oil and mixture of 


mustard oil and oil of sinapis in 

the absence of water. 

Nature of sample. 


Time of heafinc: 
(minutes). 

Allylisothiocyanate 
recovered in mg. 
from 100 g. 

1 

1 Percentage of 
j allylisothio. 
i cyanate lost. 



1 

i 

0 

i 

1 

1 

1 120-0 


A. Jail produced mustard oil . . - 


. 5 

I 43-4 

1 64-1 




12-4 

1 90'0 


r 

0 

284-2 

0 

B. A mixture of jail produced 
mustard oil and oil of sinapis. 

I 

5 

31-0 

89-1 



10 j 

6-2 j 

1 

98-6 


Tlie results summarized in Tables II, III, IV, and V show that allylisotliiocya- 
nate whether present naturally in the mustard oil or added artificially is 
rapidly lost when the oil is boiled with water or heated as in the process of cooking 
vegetables. The artificially added oil of sinapis volatilizes much more qiiickl)' 
than the essential oil naturally present. We can, therefore, safely assume Ikat 
only 10 per cent or less of the total allylisothiocyanate present in the oil is 
ingested with the food cooked in oil. Is this residual allylisothiocyanate sufficient 
to cause toxic symptoms ? This point is discussed in the next two sections. 

II. The effect of allylisothiocyanate on laboratory animals. 

A number of feeding experiments were carried out on three species of animnlsi 
namely rats, cats, and monkey's, with oil containing different amounts lirT 
thiocyanate. The results of these experiments are given in Tables VI, VH, i > 
and IX. 


Experiment 1. 

Adult rats were employed. They were divided into five groups 
animals each. The basic diet for all the groups consisted of 

Atta 
Casein 


Salt mixture 
Yeast 

Mustard oil 


of font 


69 

10 

1 

2 
15 


Total 


.. 100 
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The only difference in the food of the various groups was witli regard to the 
amount of allylisothiocyanate mixed with the oil (see Table VI). 

Group I. Jail produced oil containing 80 '8 mg. of allylisothiocyanate 
per 100 g. of oil, heated without water as in the ordinary 
process of cooking, before mixing with the basic diet. 


Group II. 
Group III. 
Group IV. 


Group V. 


S ’ oil, heated. 

‘ S ’ oil, unheated. 

Jail produced oil to which oil of sinapis was added to bring up the 
allylisothiocyanate content to 300 mg. per 100 g. of oil. The 
mixture was heated as for group I. 

Jail produced oil with oil of sinapis to bring up the 
allylisothiocyanate content to 700 mg. per 100 g. of oil, heated 
as in group I. 


None of the animals developed any signs of disease suggesting epidemic dropsy. 
The growth was somewhat better in group I than in group IV. The animals in 
other groups just maintained their weights. However, these being adult rats much 
change in weight could not be expected. In order to meet this criticism and to 
make the experiment more sensitive, it was repeated with young and growing rats. 


Experiment 2. 

Young rats about a month old weighing 30 g. to 40 g. were used. They were 
divided into five groups of four animals each. They received the same basic diet 
as in experiment 1. The description of the oil given is shown against each group. 

Group I. Jail produced oil, unheated. 

Group II. ‘S’ oil, unheated. 

Group III. f‘ K ’ oil, unheated. 

Group IV. ‘ K ’ oil, heated. 

Group V. Jail produced oil with oil of sinapis to bring up the allyliso- 
thiocyanate content to 700 mg. per 100 g. of oil, unheated. 

Details of this experiment are set out in Table VII. It will be noted that 
judging from the weights there was a slight evidence of toxicit}’^ suffered by animals 
of group V for whom the oil had been highly dosed with allylisothiocyanate, but 
none of the animals suffered from a condition suggesting epidemic dropsy. More- 
over, so far we have not met with a sample of mustard oil which might contain 
anything like the quantities of allylisothiocjmnate artificially added to the oil 
administered to this group. Half of this quantity is about the maximum limit 
naturally present in the oil. The loss of hair was common to all the groups and 
was possibly due to deficiency of flavin. It may also be noted that the animals 
cd on heated oil consumed a somewhat larger amount of food (as shown under the 
average weekly consumption of oil) than those fed on unheated oil. 
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Table VI. 


Experiment I. 

Adult rats fed on synthetic diet containing mustard oil to which oil of 
sinapis was added in varying amounts. 


cu 

3 

O 


I 


II 


III 


IV 


MnSiTARD OIT.. 


o 

B 

3 

c 

C3 


1 

2 

3 

4 ’ 

I 

13 ! 

I 

13 (^) 

14 

15 * I 

16 ! 

i 

n i 

IS I 
19 


20 

r, 

6 

7 

8 

9 

10 
11 
12 


t. ^ 
O O S 

5 toH 
>.£■2 
Q 


y. 

<a 

CQ 


<f 

cf 

? 

? 


o' 

? 

? 

cT 

d' 

¥ 


d 

d 

¥ 

¥ 

d 

d 

¥ 

¥ 


O C . 

03 U to 

T CO, 
X- o o r 


80-8 

SO-S 

80'8 

80'8 

255-2 

255-2 

255-2 

255-2 

255-2 

255-2 

255-2 

255-2 


255-2 

300 

300 

300 

300 

700 

700 

700 

700 


-3 

o 

•4>> 

c5 


ci 

O 


Heated 


Unheated 


Heated 


^ o 


tn 3 
C O 

o 'p . 
g o 

.i? to e 

•S-S-S 

o „ 

^ ‘o o 
to O'-- 

£ c £ 


7-76 

7-76 

6-0 

6-0 

2-55 

6-24 

6-25 

4-62 

4- 62 

5- 27 
5-27 
4-01 


4- 01 

6-63 

6- 63 

5- 70 
5-70 

7- 96 
7-96 
7-35 
7-35 


_c 

to 


o 

C.-I 

o 

■s' 

_o 

"n 

Ct 

fti 


o rt: 

H 


30 

30 

30 

30 


26 

30 

30 

30 

26 

26 

14 


26 

30 

30 

30 

30 

30 

30 

30 

30 


u 

W3 

a 

Tj 

^ tb 

o ^ 


Remakks. 


to 


o 

rt .S- 
^ o 
S' i 

-Jj 


4“ 8-0 
4~0-25 
4-3-0 
4-3-25 

-12-4 

4-1-5 

-2-5 

- 1-0 

-3-5 

4-0-5 

4-1-75 

-0-75 


4-1-25 

4-5-75 

4-3-5 

4-0-75 

4-0-75 

4-2*5 
4-3-25 
-2-75 
-f 0-75 


No symptoms of disease. 
Do, 

Do. 

Do. 

Died after five days. W- 
mortem not done. 

No symptoms of disease 

Do. 

Do. 

Do. 

Do. 

Do. 

Looked ill after six dap' 
feeding, killed aft' 
week’s ilkief!- ' j , 
mortem : nothing 1 ■ 
ular. 

No symptoms of disei.r. 

Do. 

. Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Table VII. 


Experiment II. 

Young rals fed on synthetic diet containing mustard oil with varying amounts 
of oil of sinapis, either naturally present or artificially added. 


- 

1 

1 

1 

! 

! 

MTISr4.ED 

OIL USED. 

A 

2 

' .£ 

^ * 

.s 

0) 

fcO 


Group. 

CJ 

s 

p 

•43 

Cj 

Sex. 

Allj-lisotliiocyannte 
content in mg. per 
100 g. of mustard 
oil. 

Treatment. 

1 

Average weekly con' 
tion of oil in g. 

Total period of feed! 
days. 

Average weekly char 
weight in g. 

Remakes. 


1 

, 21 


80-8 

Unheated 

5-94 

47 

1 

+ 3-1 

Slight loss of hair first 
noticed after four weeks’ 
feeding. 

I - 

22 


80-.8 

n 

6-94 

47 

1 

+4-8 

Do. 


23 

? 

80-8 


5-66 

47 

+ 3-6 

No symptoms of disease. 


24 

? 

80-8 


5-66 

47 

+ 3-0 

Slight loss of hair first 
noticed after four weeks’ 
feeding. 


29 

(f 

255-2 


5-34 

47 

+ 4-1 

Do. 

n. 

30 


255-2 

ft 

5-34 

1 47 

+ 0-7 

Do. 


31 

? 

255-2 


5-71 

1 ' 

+ 3-3 

Do. 


32 

? 

255-2 

ft 

5-71 

1 ! 

+ 4-4 

Do. 


33 

d" 

308 

»> 

5-77 

1 ’ 

+ 3-1 

Do. 

III. 

34 


308 


5-77 

1 

+4-7 

No symptoms. 

35 

? 

1 

308 

” 

5-42 

1 47 

1 

+3-4 

Slight loss of hair first 
■noticed after four weeks’ 
feeding. 


36 

! ? 

308 


5-42 

47 

+ 2-6 

Do. 


1 

1 37 

1 

1 

308 

Heated 

6-.5 

47 

-J-5-1 

Do. 

IV. 

1 38 

1 

\ 

1 

308 

i 

i* 

6-5 

47 

-r6-4 

Do. 



1 ? 

1 

308 

! 

»» 

6-94 

47 

+5-3 

No symptoms. 


, 40 



1 ? 

1 

308 

I 

J 

6-94 

47 

1 

+5-0 

Slight loss of hair after 
five ■weeks’ feeding. 


224 J^ivesk gallons inlo the Epidemiology of Epiidemic Dropsy, 


Table 


IX. 


Experiment IV. 

Monheys fed on food containing mustard oil of different types. 


1 

c 

o 

C 

o 

j 


a 


a 



P 

a 1 

1 1 

fl 


1 1 

i 

ft 

1 o 

‘ 

P 

o 

u 

o 

>3 

S 1 

1 

j Sex. 


II 


III 


1 

2 

3 

4 

6 

6 


? 

? 

¥ 

d* 

? 


o o 

cS 

^ O 
.2 

*5 -w ® 
S O 

in 

^ c o 
£“ oc> 

^ tii r-l 


80-8 

80-8 

300 

300 


700 

700 


ci 

o 

Heated 


g' 

O 


o 

& . 

E 

S3 c 


80‘0 

79*1 

70*77 

73*11 

63*13 

67*51 


^D 

C 


o 




30 

30 

30 

30 

30 

30 


,£ £ 

to . 

C to 

c! 

'S.s 

o 

toS • 
ciTn-ii 
o o o 

r*- fe 


Remauks, 


—56 'No sign of disease. 

-14 Do. 

1 

0 ' Do. 

I 

+70 I Died eleven days ate 

, stopping the SF®' 
feeding. Post-mortem 

I tuberculosis of lungs 

{ 

— 112 No sign of disease. 

0 Do. 


Tlie unsatisfactory progress in the growth of the animals was probably daf 
to the fact that they did not like the food. 


III. A COMPARISON OF THE ALLYLISOTHIOCYANATE CONTENT OF SAMPLES 
OF MUSTARD OIL CONSUMED BY CERTAIN FAMILIES IN CALCUTTA 
WITH A SAMPLE USED IN FEEDING EXPERIMENTS ON 
HUMAN SUBJECTS. 

As mentioned before, with most people in Bengal it is customary to buyllif’^ 
supplies of mustard oil in small quantities and at short intervals. This circa®' 
stance makes it difficult, in a field study, to estimate the efiect of mustard oi) J 
a particular description on the health of the consumers. We were, however, a+ 
to discover a few families (vide Table X) whose usual practice was to purchase tlio 
stores for a fortnight or a month at a time. Samples of mustard oil were colJecj*^ 
from these families and quantitatively examined for allylisothiocyanate. 
formation was also obtained regarding the number of persons in the family) 
age and sex distribution as well as the amount of oil used and the period ^ 
it was consumed. Inquiries were also made to ascertain if subsequent 
consumption of the oil there had been any sickness in the family w’hich W'b 
resemble epidemic dropsy. 

As will be seen from Table X, the allylisothiocyanate content of the sa P 
varied from 136 mg. to as high as 272 mg. per 100 g. of oil, the average c 
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179-5 mg. for tire ‘ Kulu ’ pressed oil and 222-9 mg. for the mill oil. The period of 
consumption varied from 12 to 30 days or an average of nearly 20 days. The 
average amount of oil consumed per individual in terms of per adult per week 
varied from 130-4 g. to 419-6 g. For this calculation, adjustment of food intake for 
“age and sex was made according to the earlier International scale of family 
co-efficients (League of Nations’ Health Organization, 1932). Taking into con- 
sideration the period of consumption of the oil and its allylisothiocyanate content, 
i-the total amount of essential oil present in the mustard oil consumed per male 
adult varied from 672-7 mg. to 2,517-0 mg. None of the members of these families 
was attacked with epidemic dropsy. Thus an individual may consume mustard 
oil containing 2,517-0 mg. of allylisothiocyanate within a period of 30 days 
without showing symptoms of epidemic dropsy. The oil obtained from an affected 
family at Jamshedpur, in which four out of ten persons were attacked v/ith 
epidemic dropsy subsequent to the consumption of the oil, had only an allylisothio- 
cyanate content of 136 mg. per 100 g. This oil was used in our human experi- 
ment No. 3 (Lai and Roy, 19375). In this experiment the amount of allylisothio- 
cyanate in the oil consumed by the subjects, all of whom developed symptoms 
- of epidemic dropsy, varied from 50-3 mg. to 672-4 mg. These figures are, how- 
1 • ever, not of much significance, because the volunteers had previously received oil 
from a different source for 12 days, the essential oil content of which had not 
■ been determined. Most of the subjects had by this time manifested some of the 
:. s)TOptoms of the disease. We are, therefore, not in a position to estimate the 
potency of the experimental oil whose allylisothiocyanate content has been 
determined. However, there is some evidence to show that this oil had something 
" to do with the causation of the disease, because the three volunteers, who stopped 
• the experimental diet when the supply of the previous oil had been exhausted, 

‘ developed much milder symptoms than those who continued taking food containing 
the oil from the new source. 


Table X. 


The allylisolMocyanate content of samples of mustard oil obtained from 

different fainili'es. 


Sample number. 

Number ot persons in 
the family. 

Source of the sample 
(‘ Kulu ’ or mill). 

Approximate period for 
which the sample 
examined was con- 
sumed in days. 

A rough estimate of the 
average quantity of oil 
consumed in g. per 
adult male per week. 

Quantity of allyliso- 
thiocyanate per 100 g. 
of oil in mg. 

Total allylisothiocyanate 
content of the oil con- 
sumed in mg. per adult 
male. 

Remakes. 

1 

28 

Mill 

30 

221-1 1 

2C0 

2,464-8 

[ Five members suffered 

d 






[ 

from epidemie dropsy 








(at Benares) in 1035. 








All of them partook of 








the oil examined for 






I 

! 

four \\'eeks. 


- 

_ 








J, MR 


15 
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Three samples of oil obtained from unaffected families of Calcutta (vide 
-Table X) were tested for the rate of volatilization of the allylisothiocyanate on 
boiling it in water with a view to ascertaining whether or not they contained any oil 
of sinapis added artificially {vide Table XI). 


Table XI. 

Rate of volatilization of essential oil contained in certain samples m 

mustard oil. 


Number of 
sample. 

Time of 
boiling 
(minutes). 

Essentia] oil 
recovered from 
100 g. of oil in 
mg. 

Percentage of 
allylisothio- 
cyanate lost. 

f 

0 

260-38 

0 

1 





1 


5 

148-68 

42-9 



1 ° 

272*50 

i 

0 



5 

16404 

39-7 

4 • 



1 




10 

121-9 

55-8 


1 

15 

43-36 

84-1 


1 

0 

268-77 

0 

0 

J 





1 

5 

142-48 

43-1 


These results when compared with those set out in Tables II, III, and IV 
■uggest that the samples did not contain any synthetic allylisothiocyanate. 


Summary. 


1. Estimations have been made of the loss of allylisothiocyanate suffered 
jy mustard oil when boiled with water, without the addition of water, and when 
looked with vegetables. 


2. Eatcs 
oil and of that 


of volatilization of allylisothiocyanate naturally present in the 
artificially added have been estimated. 
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3. The effects of feeding laboratory animals with food containing imisfail 
oil from different sources with or without the addition of synthetic oil of sinap!j 
have been studied. 

4. Allylisothiocyanate content of samples of oil obtained from a number o! 
unaffected families has been estimated and compared with that obtained froni 
an affected family and used in a human experiment. 


Conclusion. 

1. Nearly 90 per cent of allylisothiocyanate content of mustard oiliskt 
during the process of cooking. The loss is still greater in the case of oil of sinafi; 
added artificially to mustard oil. In the latter case, the rate of volatilization is 
higher than in the former. 

2. Attempts to produce symptoms resembling epidemic dropsy in monkey;, 
rats, and cats by feeding them with mustard oil from various sources witb c? 
without the addition of large doses of oil of sinapis were unsuccessful. 

3. Human subjects may tdke food cooked in oil containing 2,517 mg. cf 
allylisothioc 5 mnate during a period of 30 days without suffering from any ill effect;. 

4. On the whole, the evidence presented suggests that the deleterioms siii)' 
stance in the mustard oil which might produce symptoms of epidemic dropsy is not 
allylisothiocyanate. 
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THE VIRUS OF SANDFLY FEVER IN CULTURE AND 
CERTAIN OF ITS PROPERTIES. 

BY 

Lieut. -Colonel H. E. SHORTT, m.d., cIi.b., d.t.m. & h., d.sc., i.m.s., 
C. G. PANDIT, M.B., B.S., ph.D., d.p.h., d.t.m., 


AND 

R. SANJIVA RAO, m.b., b.s., d.t.m. 

(Fro7n the King Institute of Preventive Medicine, Guindy, Madras.) 


fReceivcd for publication, January 24, 1938.] 


i' In a previous publication Shortt, Rao and Swaminatli (1936) gave an account 
j'of the cultivation of the virus of sandfly fever on the chorio-allantoic membrane 
of embryo chicks. The present account may be looked on as a continuation and 
extension of the work there described. 

Materials and general technique. 

The sandfly-fever sera were sent to us by post from the Military District 
Laborator}^ Peshawar, a train journey of about five days. The sera in any one 
bateh sent us had been collected over a period of about one month and preserved, 
in the interval, in cold storage. 

The technique folloived for inoculation of the eggs ivas the standard method 
used in this laboratory as described by Rao, Pandit and Shortt (1936). A slight 
modification was, however, introduced in making the actual inoculation, consisting 
m the addition of a small quantitj' of noimal human serum to the virus suspension. 
In practice, the lesions iverc ground in papain-digest broth and to the suspension 
10 per cent of normal human serum was added. This mixture was used for 
inoculations. 

This modification appeared to give better lesions than the virus suspension 
without serum. Besides cultivation on the chorio-allantoic membrane, the virus 
was grown in tissue culture in flasks. An account of this in more detail, as it has 
not previouslv been described by us, is given in subsequent seetions. For filtra- 
tion work Elford’s gradocol membrane technique was employed throughout. 
Any further details of technique are mentioned in the account which follows. 
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Results oe cultural investigation of sandfly-fever sera. 

(a) On the chorio-aJkmioic membrane. — In all, tlie sera of twenty-scui 
individuals were available, sent in two batches of seventeen and ten sera m- 
pectively. 

As our supply of suitable eggs during the hottest months of the year in Madras, 
which corres])ond with the sandfly-fever season on the Indian Rrontier, is limW 
we were unable to cultivate the virus in each serum individually. Our iisffi! 
practice was to pool two sera, the lesion resulting from each pool being givens 
serial number for future reference in subsequent passages. Sub-passages vffl 
made at intervals of four days. The results of the cultivation experiments on ik 
chorio-allantoic membrane arc given in Table I : — 


Table I. 

Showing the results of ciiltivotion of the virus of sandfly fever on ilic 


chorio-allantoic membrane of embryo chicles. 





1 

1 

1 

Number of 


Serum 

*.Agc of 

Number 

j |Number of eggs showing 

passages to 

Remarks. 

scrum 

of eggs 

lesions and degree of 

date in scries 


in days. 

used. 

lesion. 

where passages 
wore continued. 


I 

^ 11 

rv 

i S 

3 

Passages stopped,® 


focal lesions) 


account of negotif* 
result. 

2 

i 

1 

0 

0 

• • 

.... 


1 

13 

7 

1 

5 

Passages stopped,® 

3 




account of negatire 


10 

•• 

( p, focal lesions) 


result. 


20 


.. 

1 

• % 

.... 

4 

20 I 

' 4 

0 

• * 

.... 


18 

, , 

» , 


.... 

5 

23 

4 

1 

2 

Stixed with senes i. 

. 

26 

• • 

(H- -f) 

•• 

.... 


22 




.... 

0 

29 

6 

0 

• - 

.... 

f 

20 




.... 

’ 1 

i 

1 29 

4 

3 

-f-fj H-'f'j 
focal lesions also.) 

30 

Passages ar® 
continued. 


* Time elapsing between drawing of blood and date of culture. 

I -i- indicate degree of lesion in positive cultures. 
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Serum 

series. 

*Age of 
serum 
in days. 

Number 
of eggs 
used. 

-j-Number of eggs showing 
lesions and degree of 
lesion. 

Number of 
passages to 
date in series 
where passages 
nere continued. 

Remaeks. 

( 

21 




.... 

8 ] 






1 

29 

6 

0 

• • 

. • . • 

f 

23 



. . 

.... 

9 1 






1 

27 

5 

0 


.... 

10 

8 

7 

4 

(+ ++» ++. ++. +) 

7 

Passages stopped on 
account of lack of 
eggs. 

( 

12 

. • 

• • 

•• 

.... 

21 

5 

3 

(+> +-t-t -b + + ) 

25 

Passages are being 
continued. 


33 

•• 

•• 

•• 

.... 

12 J 

33 


•• 

•• 

.... 


34 

6 

0 

•• 

— 


34 

• • 

•• 

•• 

.... 

13 • 

i 36 

•• 

•• 

•• 

1 


. 36 

2 

2 

(++• +) 

11 

Passages are being 
continued. 


* Time elapsing between drawing of blood and date of culture, 
t +> + + > + + + indicate degree of lesion in positive cultures. 


From the above table it vill be seen that out of thirteen pooled batches of 
sera (generally two in each pool) seven gave a growth of virus and six were 
negative. The average age of the sera in the negative series was about four days 
older than in the positive series. In two series, the strains died out after three 
and five passages respectively. The fact emerges that the rdrus, as contained 
m blood serum, is capable of conservation for a month in cold storage, even 
when there is an intervening railway journey of five days at a high tempera- 
ture. It is probable that the virus could be conserved for a much longer period 
if kept at a low temperature continuously. 

(b) In (isstic culiiirc . — As regards cultivation of the virus in tissue culture in 
flasks, the details of the method used b}’^ us, although they were on conventional 
lines, arc given below for the sake of completeness. A ten-day old chick embryo. 
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after removing its ej’^es, was finely minced, 0'25 c.c. of Tyrode solution and 0-5 c.c. 
of virus suspension were added and the whole well mixed and allowed to stand at 
room temperature for 15 minutes. The mixture was distributed evenly into eight 
Erhlenmeyer flasks of 50-c.c. capacity, fitted with musliii plugs, and to each was 
added 0-5 c.c. human serum and 4-0 c.c. Tyrode solution. 

As a variation to this technique, we subsequently adopted the practice of 
adding chick plasma to the cultures. Plotz (1937) observed that virus growth is 
enhanced if the minced tissue is helped in its proliferation by the presence of plasma 
clot as a stabilizer and we found this method most satisfactor 5 ^ To each flask 
was first added 0‘5 c.c. of chick plasma which was spread over the bottom of the 
flask. To this there were added, in succession, 0‘5 c.c. of human serum and the 
minced chick tissue mixed with virus suspension, while the flasks were agitated 
gently to ensure even distribution of the fragments of tissue. Clotting quickly 
took place and then 4-0 c.c. of Tj'xode solution were added to each flask. 

^^^lichever of the two techniques described was used, the flasks were left 
undisturbed at 37°C. for five days. Sterility was then tested for, the contents 
finely ground, after rejecting about half the fluid contents, and the pooled material 
from all the flasks used for sub-passages. 

By the use of this technique it has proved possible to cultivate the virus direct 
from sandfly-fever serum and from cultures of the virus on the chorio-allantoic 
membrane. The virus from flask cultures can also be transferred successfully^ to 
the chorio-allantoic membrane. This transfer, in fact, is one means of proving 
the actual presence of virus in the flask cultures. By direct transfer from flaslc 
to flask the virus has been carried, up to date, through eighteen passages. 


Neutralizing power op sanbfly-fever antisera on the cultured 

VIRUS. 

The mere production of lesions on the chorio-allantoic membrane by sandfly- 
fever sera was not necessarily a proof that the sandfly-fever virus was the lesion- 
producing agent. It was consiclered that the presumption in this respect won c 
be increased if it could be shown that the serum of patients, convalescent Irom 
sandfly fever, was able to neutralize the lesion-producing agent m tiie eswn 
material. To investigate this question the sera of the ca.ses from which the ‘ 
material for culture was obtained were collected, added ^ ^ 

containing suspensions of the lesions on chorio-allantoic membrane and the 
inoculated into fresh eggs. . The details of the procedure followed arc her g 

The pooled membrane lesions of one strain of virus iverc ground in fyrode 

solution in the proportion of 2-0 c.c. of Tyrode solution to ^"{e'seent 

0-5 c.c, of the suspension so obtained, an equal amount of undiluted c^ < • 
serum wms added. The mixture was kept at room temperature -J • 
minutes and then used in 0-15 c.c. amounts to inoculate eggs. As con 
mixtures using normal human serum were put up. In into 

absence of mrus in the convalescent sera themselves, these verc ino 
eggs by the usual technique and proved negative. 

The details of this experiment are given in Table II : 
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The letters indicate the iaitklfl of the patients from whom the blood was obtained. 
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It will bo seen from Table TI that out of six convalescent sera tested, all but 
one completely inhibited growth of the vh’us on the choi'io-allantoic membrane. 
The controls with normal human serum all showed growth of the virus, while the 
convalescent sera by themselves gave no growth. In series VII H S the con- 
valescent serum (I) failed to prevent growth of the virus. This serum vOien 
originally cultured for virus gave only a poor lesion, graded one and died out 
after one passage. On calling for the clinical history of this case, howevej-, it was 
not found to differ in any way from the usual course of cases of sandfly fever and 
the poor immunity response is, therefore, not explained. 

Another point brought out bj'’ the table is that the virus-neutralizing 
pow'er of the convalescent sera is not limited to action against the homologous 
strains of virus since the convalescent sera are in no series homologous to 
more than one strain in any of the groups of pooled viruses comprising the 
series in the table. 


Morphology of the virus lesions on the chorio-all.antoic 

MEMBRANE. 

The morphology of the lesions on the chorio-allantoic membrane has been 
described by Shortt, Rao and Swaminath (loo. oil.). A further study of lesions 
produced on this membrane by a series of the most varied agents (Pandit, ]?ao 
and Shortt, 1938) has shown that the reaction of the membrane does not vary 
greatly, whatever the exciting cause, and that the lesions produced by the same 
agent may, while maintaining the general form, vary in one particular or another 
on different occasions. We were not surprised, therefore, in the present- series of 
lesions to find, in many cases, typical and very well developed ‘ cell nests ’ such 
as were described by Shortt, Rao and Swaminath (too. cit.), in lesions produced by 
the dengue virus and -which we no-w know to occur in lesions produced by various 
other exciting agents, even when non-viral in nature. These ‘ cell nests wem 
the results of ingrowth of the proliferated ectodermal layer. A feature seen m 
sections of some of the lesions was certain sharply-defined spherical or oval inclu- 
sions in the cells of the proliferated ectoderm. These were stained reddish purple 
both with Mann’s stain and with Giemsa and are also brought out as dark 
bodies by ii'on-haimatoxylin stain. They varied in size from_ a maximum ol 
about 3-6/1. down to mere dots. We do not here use the term ‘ inclusion V® 
special sense as applied to inclusion bodies in various virus _ infections. \\ e 
have no reason to suppose that these reddish inclusions are^ visible aggregates 
of invisible virus elementary bodies. The same opinion applies to many of the 
so-called inclusion bodies in other virus infections where they have_ been lookec^ 
upon as the virus made visible by local aggregation. They may quite as reatu ) 
be products of the cell itself, degenerative or otherwise, representing its reaction 
to the virus or its toxic products. 


Animal inoculations. 

A few attempts have been made to infect animals with the virus h} \arious 
routes, intracerebral, intranasal, intraperitoneal, and subcutaneous. 
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Intracerebral inoculations. — Two mice were inoculated intracerebrally with 
0'03 c.c. of virus suspension strain < One of these showed sj^mptoms 

on the seventh day in the form of one-sided paralysis causing circular 
movements with the head thrust to the left side. Cerebral irritation was 
indicated by restlessness and incessant scratching of the nose and movements 
of the front legs. The coat was staring. The brain was passaged into 
four mice. One showed symptoms on the seventh day similar to those shown 
by the mouse inoculated from the original material. The brain of this was 
passaged into four mice. One was found dead on the fifth day haying 
shown no signs of illness the night before. The brain, after filtration, 
was passaged into two mice without result. Four mice were inoculated 
with each of three other strains of virus. These remained healthy for three 
weeks in each case. In one series two mice, although showing no symptoms, 
were sacrificed on the tenth day and the brains passaged but \\ ith no result in an 
observation period of three weeks. 

Iniranasal inocuhiions . — Four mice had instilled into the nose virus 
suspension of strain F C III. One died on the third day and one on 
the seventh, without sign of illness previous to death. Seven mice were 

similarly used with virus strain ^ ^ 7 ^- These remained healthy but two 
mice were killed on the seventh day, their lungs gi-ound and passaged to 
four mice by the same intranasal route. Three of these died on the third, 
fifth and tenth days ; as the I)odies were putrid no further passages coirld 
be made. 

Intraperitoneal inoculations. — Two mice were inoculated intraperitoneally 
with virus of strain ^ and three mice with virus of strain All 

remained healthy for three weeks. 

Subcutaneous inoculation. — One mouse was inoculated subcuta- 
neously with vhus of strain It remained healthy for three 

weeks. 


Size of the virus. 

Suspensions in papain broth of the lesions on the chorio-allantoic membrane 
were filtered through gradocol membranes of varying average pore diameter 
The filtrates, after test for bacteriological sterility, were inoculated into fresli 
eggs with a view to determining the presence or absence of virus. It was 
found that a membrane of average pore diameter 0-38^ lield back the 
virus completely, while one of 0-48,i just allowed the passage of the virus 
if the diameter of the virus particles be taken as one-third of that of the 
average pore diameter which will just allow then passage the virus would 
Ironi these results, appear to be about 160^/. in diameter. The details 
T filtration experiment are given, as an example in 
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Table III. 


SJ} owing details of a filtration experiment. 


Average pore 
diameter of tile 
membrane used 
for filtration. 

Number of 
eggs 

inoculated. 

Number of 
eggs 
positive. 

Degree ol lesions. 

REMAEir.?. 

0-38 /I 

6 ’ 

1 

0 

— 


0-48 n 

4 

2 

+, + 

minute focal lesions. 

0-6 /r 

7 

3 

+, +, -b-l- 


0-9 li 

G 

4 

+ . +. -1-, + + 


Unfiltered 

(control) 

1 

7 

5 

+. +, -f, ++. + + 



Circulation of the virus in the peripheral blood of inoculated 

MICE. 

The inconclusive nature of the animal experiments led us to determine whether 
inoculation of the animals wmuld lead to circulation of the virus in the blood and 
consequent opportunities for distant organs or tissues to becorne the seat of invasion. 
It was decided to inoculate mice intraperitoneally with the virus in egg membranes 
and then to make cultures by the egg technique from brain and heart-blood. 
Organs such as liver and spleen were avoided owing to their possible direct con- 
tamination by the inoculated material. 






Table IV. 

Showing the circulation of sandfly-fever virus in the perijphcral blood of inoculated mice. 
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Table V. 

Showing the probable identity of the virus in the brain and heart-blood with that inoculated iniraperiioneally. 
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Table V clearly demonstrates that sandfly-fever immune serum has a strong 
inhibitory effect on the virus in the brain and heart-blood of the experimental 
animals and goes far to confirm the identity of the virus in these situations with 
that inoculated intrap eritoneally. 

Teansportation of the virus. 

Owing to the inconclusive results obtained in attempts to find a susceptible 
animal, the co-operation of Dr. G. M. Findlay of the AVellcome Bureau of Scientific 
Research. London, was sought in the hope that possibly ferrets or hedgehogs— 
unobtainable by us — might be found susceptible. The virus was mixed with 
gum acacia, frozen, and dried in vacuo and despatched to London by air mail, 
br. Findlay reported its safe arrival and successful culture by the chorio- 
allantoic membrane technique. 

Summary. 

1. The virus of sandfly fever has been cultivated by the chorio-allantoic 
membrane technique and in tissue culture and the cultures carried through 
numerous passages. 

2. The sera of patients recovered from sandfly fever have been shmvn to 
possess the power of neutralizing the cultured virus. 

3. Certain points in the morphology of the virus lesions on the chorio-allantoic 
membrane are dealt ndth. 

4. Animal inoculation experiments are described. The inoculation of the 
cultured virus by the intracerebral, intranasal, intrap eritoneal, and subcutaneous 
routes gave inconclusive results. 

5. The size of the virus has been determined to be about 160/t/z. in diameter. 

6. The circulation of the cultured virus in the peripheral blood has been 
demonstrated. 

7. The cultured virus has been successfully transported to England by air 
mail. 
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The question as to what constituent or constituents of snake venom might 
be responsible for the various toxic symptoms manifested has engaged the attention 
of the workers in difEerent parts of the world since a long time and the volume of 
literature which has accumulated on this subject is by no means inconsiderable. 


iThe results of broad analysis of the venoms show that they consist of : — 

(1) protein matter (albumin, globulin) — the major portion, 

(2) substances of the nature of proteoses and peptones (not coagulable 

by heat), 

(3) a colouring matter and an undetermined substance (both soluble in 

alcohol), 

(4) a trace of fatty matter, and 

(5) inorganic salts (chlorides, phosphates, etc.). 


The close resemblance between some forms of poisoning by toxalbuminoids 
and the snake venom poisoning and the preparation of ‘ antivenin ’ bv Calmette, 
n Inch confirmed the toxic nature of the albuminoid fraction, led the earlier workers 
o beheve that this protein molecule was the essential poison ; but later experi- 
ments show ed that it was possible to separate toxic elements of non-protein nature 
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from the protein molecule with which they are associated. Faust isolated such a 
substance from cobra venom which he called ophiotoxin (C] 7 H 2 gOio) and from 
rattle-snake venom a substance called crotalotoxin having the composition 
(C 340 g 402 i) which he believed to be identical with hsemorrhagin, cj'tolysin, 
cytotoxin, and hsemolysin. According to him these poisons of venoms were not 
proteins but glucosides free from nitrogen and belonging to the saponin group of 
hsemolytic agents. Possibly these glucosides are bound to proteins forming 
compound proteins which act as specific antigens. Faust also believed that the 
poisonous elements of difierent sorts of snake venoms and the dermal poisons of 
toads and frogs were all closely related substances. The fact that antiserum of 
one venom fails to protect against another is explained on the assumption that 
the same or similar poisonous element is attached to different and antigenically 
specific proteins. 


The venoms were known to contain some active enzymes since the latter part 
of the nineteenth century. Lacerda (1884) (quoted by Wehrmann, 1898) in his 
lectures on the venom of serpents of Brazil described the results of his researches 
on the digestive property of venoms. His experiments established that the venoms 
emulsified fats, coagulated milk, dissolved fibrin, and the coagulated white of egg, 
but it did not break starches into sugar. Wehrmann (he. cit.) confirmed some 
of these results. But it is only very recently that workers have begun making 
these responsible for at least some of the toxic symptoms manifested by the 
venoms. The work of Mathews (1928) which was later confirmed by Billing_(1930) 
has shown the destruction of fibrinogen by the venom protease to be the principal 
cause of the failure of the blood to clot in the case of Cortalus adamenteus venom 
although this anticoagulant action is ascribed in part to the splitting of the cephahne 
molecule rendering it incapable of transforming prothrombin into thrombin. 
Dunn (1934) also prepared from the venom of Crotalus admnentetis an albumose 
fraction which contains the cephalinase. This fraction is free from heat coagulable 
protein and forms the substance which imparts yellow colour to the venom. A 
portion of the toxicity of the original venom is retained by the cephalinase fraction 
but the toxicity is not parallel to the cephalinase content. The fraction containing 
the cephalinase has haemolytic powers of the same order as those of the original 
venom. This haemolytic activity does not appear to be due to the cephalinase 
itself although the venom is capable of producing intensely haimolytic substances 
by its action on cephaline. 


Considerations such as these led us to investigate the nature and concen- 
tration of the different enzymes that may be present in the venoms and a so 
to study other biochemical characteristics in the hope that these might give us 
some clues for the explanation of some of the more important physio ogica 
action manifested by them. 

For this purpose we, in the first instance, selected for our 
Russell’s viper venoms. Cobra and Russell’s viper belong to fmm 

of snakes, viz., cohibridw and viperidee respectively, and though 1® ''™ . , 

these have some characteristics in common, yet they differ also s r o . 
respects. For instance, the neurotoxic element is 

venom — the main action of this venom m lethal and suble ^ Cnol -mnlvsis ■ 
respiratory centre, the effect being one of initial stimulation am ^ p* * . 
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while hcemorrliagic or anticoagulant property is more or less peculiar to the venom 
of the viper species. That the nervous centres are not much affected is shown 
by the fact that in decerebrated animals exactly the same results are produced. 
So that we thought that by comparing the biochemical properties of these two 
venoms side by side we might be able to spot out the factors responsible for 
similarity and disparity in their ph^-siological action also. 

It was, therefore, proposed to examine if there is any qualitative or quantitative 
difference with respect to the protein fractions of these venoms. Table I gives 
the results of such analysis : — 


Table I. 

Composition of the protein fractions. 


Protein fractions. | 

i 

Cobra venom, 
per cent. 

I RusseJI’s viper 
venom, 

1 per cent. 

Albumin 

18-00 

22-00 

Pseudoglobulin 

1 49-00 

i 43-20 

Euglobulin 

1 Nil 

1 3-60 


From the above table it w'ould apirear that the viper venom contains more 
of the albumin but less of the pseudoglobulin portion than that of the cobra ; 
whereas in the cobra venom euglobulin is absent the viper venom contains it to 
the extent of 3 "60 per cent. 

The action of various chemicals and some special reagents on these two venoms 
was next studied but we need mention here only one, viz., the results obtained by 
treatment with the diazo-reagent according to Clifford and Mottram’s (1928) 
method. 


A 2 per cent solution of cobra venom gave a faint reddish coloration but 
with viper venom of the sarne strength, a characteristic reddish brown coloration 
Nvas produced. The susceptibility to this test indicates the probable presence of 
substances such as carnosine, purine compounds, histamine, etc. This test mitrht 
have been regarded as very significant had the protein-free venom solutions 
responded to it, because Eiissell s viper venom has actually been found to have 
histaminc-like action. This test w hen applied to protein-free cobra venom solution 
gave a faint yellow colour, wdiereas the Russell’s viper venom gives a much deeper 
yellow coloration. e allude to this here only because of this characteristic 


c next proceeded to study the nature of the enz'^Tnes present 
venoms and to compare the activity of those that are pre.sent. 


in these 


Diastatic enzymes. 

not likely to be called 

digest starchy materials, but since the venomous glands of set are t^ 
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and the venom presents a close analogy with the saliva, we thought that some 
diastatic ferment, such as ptyaline, might be present. 

"We, therefore, tested the action of I'O per cent solution of these venoms in 
normal saline upon Od per cent starch solution and incubated them for 24 hours 
at 40°C. Toluol was used as a preservative. 


Table II. 


Action on starch. 


j Serial 
number. 

Starch 
solution j 
in c.c. 

Venom 
solution 
in c.c. 

' Time and 
] temperature of 

1 incubation. 

' 1 

Cobra 

readings. 

Viper 

readings. 

1 , 

1 

1 

1 

2-0 i 

1 

1 

1-00 

i 

} 1 

* 24 hours 

1 at 40"C. j 

~ 

— 

2 1 
^ 1 

2*0 I 

( 

0-50 

: " I 

— 

— 

3 

2-0 

0-25 

ff 

— 

~ 

4 1 

2-0 j 

j 

0-10 

> 

— 

— 

5 ! 

1 

2-0 1 

1 

o-or) 

1 ' 

> ’■ 1 

— 

— 


None of these venoms showed the presence of any diastatic ferment. All the 
tubes of both sets turned deep blue when shaken with one drop of N/50 iodine 
solution. It was, however, observed that within five minutes the blue coloration 
of No. 1 tube of each set (i.e., those containing the largest amount of venom) was 
completely decolorized and in others this decolorization was proportional to the 
concentration of the venom. In No. 5, i.e., those containing the least amounts 
of venom, the blue coloration persisted all through. It is probable that the 
venom solutions have the property of absorbing icdine or of decolorizing starch 
iodide because on the addition of another drop of iodine solution to the already 
decolorized solutions, the blue coloration reappeared immediately but this again 
decolorized after some tim6. 

Invertase action.— IVehrmann {loc. cit.) found that venoms possess the 
property of inverting saccharose. AYe repeated his experiments but were unable 
to confirm his observations. No inversion was noticed either polarimetiically or 
by reductions of Benedict’s solution with any of the venoms even when incubated 
for 24 hours. 

Proteolytic enzymes . — The proteolytic enzymes were next studied under the 
following heads : — 

(1) Digestion of fibrin (Congo red). — A definite amount of fibrin was placed 
in each tube and diflerent amounts of the venom solutions were added, the results 
being recorded according to the intehsity of coloration produced. 
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It would appear from tlie table that botli these venoms have tlie property 
of digesting fibrin but the viper venom appears to be somewhat more active 
in this respect than the cobra. In none of the tubes, however, the fibrin 
was found to have completely dissolved. 


Table III. 


Serial 1 
number. 

1-0 per cent ' 
venom solution 
in c.c. 

1 

Normal 1 
Baline in ' 
c.c. 1 

Time and 1 

temperature of 
incubation. 

( 

1 

Cobra. ^ 

i 

Viper. 

1 

1-00 

• « ) 

24 hours at 40''C. 

+ + + ' 

‘ + + + 

2 

0-50 

O-oO 

»> 

-I-+ ' 

+ -!■ + 

3 

0-2o 

0-75 


4- 

1 

4 

0-20 

0-80 

ft 

± 


6 

OUO 

0-90 

ft 

- 

— 

0 

O-O.*) 

0-9.5 

1 

— 

— 


(2) Liquefaction of gelatine . — A 5 per cent gelatine solution containing O'l 
per cent th 5 miol and 1‘0 per cent solution of the venoms in N-saline were used and 
incubated for 21 hours at 39°C. to 40°C. 

After incubation the tubes were placed in ice-cold water for about 15 minutes 
and in those the gelatine still remained fluid and did not solidify, digestion 
was supposed to have taken place. 


Table IV. 


Serial 

number. 

Gelatine 
solution 
in c.c. 

I 

Venom 
solution 
m c.c. 

1 

Distilled 
atcr 
in c.c. 

Cobra. 

1 

1 

1 Viper. 

1 

1-00 

1-00 

1 

1 1 

•• 1 

1 

Serai-solid 

j Liquid. 

o 

1-00 

0-50 

0-50 

1 

Solid 

Semi-solid. 

3 

1-00 

0-2o 

0-75 ' 

>» 

' Solid. 

4 

1-00 

0-10 

0 90 

>» 


o 

1-00 

0-03 

oo.> 


1 

tt 

G 

l-OO 

•• 

1-00 

tt 

f 

1 ** 
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Here again we find that botli these venoms have the property of liquefying 
gelatine but the viper venoms possess it to a greater extent than the other. 

(3) Rennetic activity (i.e., propert}^ of clotting milk).— The question whether 
tbe rennetic activity is due to the existence of a distinct enzyme or is merely 
the first stage of the manifestation of proteolytic action is still not quite 
settled, but it appears that the venoms possess the property of clotting milk 
as well. 

Fresh unboiled milk was made fat-free by shaking with chloroform and 
left in the ice-chest for three days. The residual chloroform was drained out 
and the milk was freed from chloroform by pouring it in a flat dish and, 
after gently heating the same on a water-bath, blowing air over it. The milk 
was found to be amphoteric in reaction. A few drops 'of toluene was 
added to each tube as a preservative. 


Table V. 


Serial 

number. 

Amount 
of milk in 

c.c. 

1 per cent 
venom 
solution in 
c.c. 

Distilled 
water 
in c.c. 

COBEA. 

Viper. 

3 hours. 

21 hours. 

3 hours. 

21 hours. 

1 

1-00 

1-00 

1 

.. 

Partial 

+ + + 

- 

+ + + + + 

2 

1-00 

0-50 

1 

0-50 

— 

-t- + -k 

- 

+ + 

3 

1 

1-00 

0-25 

0-75 

— 

+ + + 

- 


1 

4 

1-00 

0-20 

0-80 

— 

-1- + + 


i 

5 

1-00 

0-10 

0-90 

— 

+ -f- 

1 

- 

— 

C 

1 

1-00 1 

O-Oo 

0-95 

— 



— 

7 

1-00 

1 

i 

t 

\ 

1-00 

1 

— 

— 




It may be remarked in this connection that all the tubes which ga\e p 
results showed shrinkage of the casein clot, excepting that containing c.c. 
viper venom, in which the sedimentation was complete and the superna < 
was quite clear showing that the action is more intensive m character than 

the case of the cobra venom. 

(4) Bigeslion of casein.~kn 0-5 per cent fc wUii 

was prepared by dissolving 1-5 gramme of casein in 10 c. . / 
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gentle lieating on the water -bath and diluting to 300 c.c. with distilled water and 
filtering. 


Serial | 

1 1 

1 1 

^ . . Time and temperature | 

E.'tpenment. of incubation. | 

1 j 

By van Suyke’s methou, 
c.c. OF N-gas at N.T.P. 

number. | 

' 

Cobra. 

Viper. 

1 

1 

10 c.c. casein Done immediately 
solution + 

I 1 c.c. ot 

1 per cent venom. ! 

0-22 

0-20 

2 

Do. 24 hours at dO^C. 

! 

I 0-35 

0-35 


The above results show that the venoms do digest casein but the action is 
not very marked in either of these. 

Therefore, generally speaking, the viper venom appears to be somewhat 
more active than the cobra venom proteolytically. 

Li 2 oolytic action.— "SYe also tested for the presence of lipolytic enzymes in 
these venoms and found that none of the venoms would split up an emulsion of 
olive oil. The existence of a lecithin-splitting enzyme in the venoms has been 
reported by some workers and much importance is attached to this property as it 
appeared to explain their haemolytic behaviour and the acceleration of venom 
hemolysis by lecithin, but due to the adoption of a faulty technique we could not 
come to a definite conclusion on this point when this paper was read. Subsequent 
work with an improved technique, however, has revealed the existence of a very 
active lecithinase in both the venoms. This will form the subject-matter of a 
separate communication. 

Hccmolysis . — The next point for consideration was the haemolytic action of 
these venoms on the R. B. C, of different species of animals. Venoms in general 
possess the power of dissolving the R. B. C. of some species and lack this property 
for other species and even with respect to those they do hasmolyse different venoms 
have different limiting concentrations. The B. B. C. of ox, goat, and sheep 
are not l3-sed bj' anj" of the venoms, while those of guinea-pig, man, rabbit, mouse, 
etc., are found to be susceptible in varying degrees. ^Ye tested the haemolytic 
propertj' of cobra and Bussell’s viper venoms and found that, while cobra venom 
haemolysed the susceptible species of B. B. C. in varying degrees, the viper venom 
was non-haemolytic in the large majority of cases. * This aspect of the question 
again vill be more full}’ dealt nith in a subsequent communication. 


SuilMAKY AMD C0XCI.XJS10XS. 

1. Cobra and Bussell's viper venoms have been compared with respect to 
certain biochemical properties. 
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2. The viper venom contains more of the albumin but less of the pseudo- 
globulin portion than that of the cobra. Euglobulin is absent in the cobra venom 
but the viper venom contains it to the extent of 3 ‘CO per cent. 

3. Wone of the venoms contain any invertase or diastatic enzymes but they 
both possess the property of digesting fibrin, liquefying gelatine, clotting milb, 
and also of digesting casein. The viper venom appears to be more acti-\'-e than 
the cobra venom with respect to proteolytic action. 

4. None of the venoms were found to have any appreciable action on an 
emulsion of olive oil and their action on lecithin was not conclusive, due to the 
adoption of a faulty technique, though subsequent work has revealed the existence 
of this enzyme in active condition in both these venoms. 

5. Cobra venom is haemolytic in varying degrees for the susceptible varieties 
of E. B. C., but the viper venom is non-hsemolytic or haemolytic only to a very 
limited extent. 
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In a previous paper (Roy and Clropta, 1938) cobra and Russell’s viper venoms 
were compared vritb respect to certain biocbemical properties. 

It was found that the viper venom contained more of tbe albumin but less 
of the pseudoglobulin portion than that of the cobra. No euglobulin was found 
to be present in the cobra venom but the rdper venom contained it to the extent 
of 3-60 per cent. None of the venoms had any diastatic or invertase activity hut 
they were active proteolytically, viz., in digesting fibrin, liquefying gelatine, clotting 
milk, and also of digesting casein. The viper venom appeared to be more active 
than the cobra with respect to this property. The lipolytic activity of these venoms 
forms the subject-matter of the present communication. 

True lipases convert neutral fats to glycerin and fatty acids. It has been 
found, however, that certain enzymes, while having no action or at least a feeble 
action upon true fats and oils, readily split the esters of lower fatty acids and mono- 
or polyvalent alcohols. In addition, there is a definite difference between lipases 
and esterases on the one hand and the enzymes which act upon the esters of higher 
alcohols (eholcsleryl esters, etc.) or phosphatides (lecithin, cephalin, etc.) on the 
other. Castor-oil lipase digests true fats actively, while liver and pancreas extracts 
attack lower esters more energetically. The same Ricinus lipase again split up 
different fats at different rates. IMdlc speaking of lipolytic property, it is there- 
fore important to specify the nature of the substrate or substrates upon which a 
particular enzyme is found to act. 

Kyes (1903) made au important discovery that snake venom forms an actively 
hajmolytic compound with pure lecithin. "^Morgenroth and Carpi (1906) found 
the same to be true of the poison of bee. The lipoMic propertv of various venoms 
and bee poison, however, was first pointed out bv Neuberg and Eeicher (1907) 

( 249 ) ' 
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Kj^es (1910) applied this observation in explaining the ha 3 molytic behaviour of the 
red blood corpuscles of different species of animals towards cobra venom. It is 
well known that the erythrocytes of certain species of animals such as dog, guinea- 
pig, man, etc., are Ij^sed by cobra venom in varying degrees, whereas those of ox, 
sheep, and goat are non-susceptible._ According to Kyes, the lecithin in the 
erythrocytes of the susceptible species is present in a form available for combination 
with venom, whereas in the non-suseeptible varieties the lecithin is supposed to 
be present in a non-a^''ailable form. He further believed that the cobra venom 
formed a true chemical compound with lecithin which he named ‘ cobra 
lecithid ’. 

Noguchi (1907), on the other hand, holds that, although lecithin exists in the 
stroma of all kinds of corpuscles, it is not present in a form available for venom 
activation in any of them and the degree of susceptibility to haemolysis depends 
chiefly upon the amount of ether -soluble activators present in the cells, as for 
example, fatty acids, neutral fats, and soluble soaps. 

Coca (1912), von Dungern and Coca (1912), and Manwaring (1910) have shown 
that the .venom-lecithin haemolysis is brought about by the fermentative action 
of the venom on the lecithin whereby the latter, a non-hmmolytic substance, is 
split into two parts, oleic acid and the lecithin rest, both of which are strongly 
haemolytic. They prefer to call the active principle in cobra venom ‘'cobra 
lecithinase ’ and the complete hsemolysin ‘ mono-fatty acid lecithin ’ or 
‘ desol eolecithin ’. 


According to these workers, therefore, cobra venom does not enter into 
combination with lecithin in the formation of hmmolysin, but the hsemolysin 
represents simply one of the split products of lecithin. 

It is evident from the above that by ‘ lipolytic activity ’ the capacity of a 
venom in splitting up lecithin alone is implied and we could find no mention in the 
literature about its property of splitting up other fats and esters and even with 
respect to the lecithinase activity, as far as we are aware, no attempt for ffs 
quantitative estimation has been made. 


It was, therefore, proposed to make an investigation with respect to the 
capacity of cobra and EusselTs viper venoms in splitting up (1) true fats such as 
olive oil, (2) esters formed from lower fatty acids such as ethyl butyrate, (3) 
lecithin, and (4) cholesterol esters. 


(1) Action on olive oil . — Kyes and Sachs (1903) pointed out that neutral 
fats possess the power of favourably influencing venom hemolysis. He observed 
that an amount of olive oil (saturated solution of olive oil in methyl alcohol diluted 
ten times with normal saline), which by itself did not produce any hsemolysis ot a 
suspension of washed ox erythrocytes, will produce complete hiemolysis in the 
presence of cobra venom. He explained this by assuming that the oil does not 
act as a direct activator but that it modifies in some way the availability ot 
intracellular lecithin, which is the true activator concerned. As tats aie seiaom 
found neutral and as certain amount of free fatty acid is always present, and since 
higher doses of olive oil itself produce 

of venom, it was thought that this activation m,ght be due to the tico fattj acids 
liberated by the action of cobra venom on the oil. 
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In order to test this point 1 per cent solution of both cobra and Eussell’s 
viper venoms vras allowed to act upon (1) a neutralized emulsion of olive oil and 
(2) a saturated solution of olive oil in methyl alcohol, diluted ten times with normal 
saline, for 24 hours at 37°C. Toluene was used as a preservative. After incubation, 
25 c.c. of neutralized 95 per cent alcohol were added to each and titrated with N/50 
NaOH with phenolphthalein as indicator. 

The results given in Table I show that none of the venoms has any appreciable 
action upon neutral fats : — 

Table I. 
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It would appear that lecithin does not influence the esterase activity in any 
manner, 

(3) Lecitidnase activity . — As has already been pointed out. much importance 
is attached to this property as it is supposed to have an important bearing on the 
haemolytic action of cobra venom on susceptible corpuscles and the acceleration 
of venom haemolysis in general by means of lecithin. 

The_ procedure previously adopted was to incubate for 24 hours a mixture 
of lecithin emulsion and venom solution and titrate any fatty acid liberated after 
the addition of alcohol with phenolphthalein as indicator. The difference in litre 
between the control (consisting of the same amount of boiled venom solution and 
lecithin) and the test solution would indicate the activity of the enzyme. Experi- 
ments made in this way, however, revealed no appreciable increase of fatty acids 
in the test solutions. We finallj'' adopted the procedure employed by Dunn (1934) 
in estimating the cephalinase activity of Crotalns adamanteus venom. A measured 
amount of 1 per cent lecithin emulsion was incubated for 3 hours at 37°C. with 
the venom solution to be tested. After evaporation to dryness on the steam-bath, 
the residue was treated with three successive portions of boiling acetone to extract 
the fatty acids from the unchanged lecithin and lyso-lecithin. The filtered extract 
was evaporated, dissolved in 95 per cent alcohol, and titrated with N/50 EaOH. 
The amount of NaOH required for the control was subtracted. 

Experiments conducted on this line showed that both cobra and Eussell’s 
viper venoms had appreciable lecithinase activity and that the latter had some- 
what stronger action. 

One per cent emulsion of lecithin was prepared and both cobra and viper 
venoms in concentrations of 0‘5 and 0‘05 per cent were allowed to act upon it, one 


Table VI. 


Incubation period 
Lecithin emulsion, c.c 
Venom solution, c.c. 
N-saline, c.c. 

Cobra 


Viper 



Lecithin 

control. 


3 hours 
15-0 

5-0 

5-0 


5-0 


Lecithin 

control. 

Venom 
O'Ou per 
cent. 

Venom 
O'O.'i per 
cent. 

Venom 
0-5 per 
cent. 

Venom 
0-5 per 
cent. 

2 

3 

4 

5 

6 

20 hours 

3 hours 

20 hour.s 

3 hours 

20 hours 

15-0 

15-0 

13-0 

15-0 

15-0 

. . 

5-0 

5-0 

5-0 

5-0 

5-0 

, . 



•• 

4-75 

1 

1 »7'9 

6-23 

0-9 

C-9 

4-75 

6-6 1 

C'75 

f 

7-2 ! 

I 

7-2.7 
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set being incubated for 3 boms and another 20 hours in the incubator at 37°C., 
suitable controls were run at the same time. 

These results show (1) that Merck’s lecithin (ex oro) contains appreciable 
amounts of free fatty acids extractable with acetone. 

(2) That both cobra and viper venoms have marked -lecithinase activity. 

(3) That the viper venom is somewhat more active in this respect than the 
cobra venom. 

(4) That though the lecithinase activity increases with the strength of the 
venom solution, there is no proportionality between the twm. 

(5) Period of incubation does not make any marked difference in the titre 
values. 

As venom solutions show appreciable acidity when titrated in the presence 
of alcohol, w'e thought of doing some experiments in which boiled venom solutions 
w'ere used along with lecithin as controls. 

The venom solutions in the control flasks were gently boiled over a sand-bath 
for 15 minutes, and all the flasks after the addition of lecithin were incubated at 
37°C. for 21 hours, a little toluene being used as a preservative. 


Table VII. 



Cobra j 
control, j 

Viper 

control. 

1 

Cobra. 

1 

Viper, 

1 

1 

' Lecithin 
control. 


1 

2 

3 ' 

4 

i 5 

1 per cent lecitbin emulsion, c.c. 

150 

15-0 

15-0 

15-0 

15-0 

0-5 per cent venom solution, c.e. 

50 

(boiled). 

o'O 

(Ijoilcd). 

50 

5-0 

•• 

K-salinc, c.c. 

.. 

•- 

. . 

1 

5-0 

N/oO NaOH required, c.c. 

C-G 

7*5 

7-1 

7*0 

1*5 


It is evident, therefore, that there is no marked inactivation of the lecithinase 
in any case even when the venom solutions ate boiled for 15 mimrtes on a sand- 
bath. These findings are corroborated by hamiol 3 ’tic tests. The residues after 
acetone extraction were tested for solubilitV. The residues in 1, 2.3, and 4 were 
found to be insoluble in ether but .soluble in normal saline, whereas that in 5 was 
soluble in ether but insoluble in normal saline. These were then te.sted for 
haiuiolytic properties. It was found that even two drops of vert- dilute solutions 
of the rcsidue.s left in the first four tubes hsemolvsed sheep’s red blood corpuscles 
alnrost inimcdiatcK'. without the addition of venom, whereas that containing 
lecithin alorre was hairrolvtic onb- in the presence of venom. It is. therefore, to be 
inferred that l.amiotoxin formation has taken place in all those tubes containirif'- 
yenonr solutions boiled or urrboilcd and that the lecithinase activitv is not dcstroved 
by being subjected to a boiling temperature for 15 minutes. 
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The lecithinase activity was also found to remain almost unimpaired when 
the tubes containing the venom solutions were kept immersed in a boiling wafer- 
bath for 20 minutes. 

In another series of experiments, therefore, the control flasks containing the 
venom solutions were autoclaved for 30 minutes under 15-lb. pressure before 
addition of lecithin. After the addition of lecithin, the tubes were incubated for 
21 hours at 37°C., the acetone extraction and fatty acid determination being 
carried out as already described. The results are given in Table VIII; — 


Table YIII. 


j 

CoBn.\. 

VrpEU. 

j 

1 

1 

1 j 

Autoclaved | 
control. 1 

1 1 

Unhcatecl. | 

1 

Autoclaved 

control. 

Unhealed. 

1 per cent lecithin emulsion, c.c. . . ' 

1.5 ) 

15 • 

15 

15 

O'.u per cent venom solution, c.c. . . 1 

5 i 

5 

‘ 5 

5 

N/oO NaOH required, c.c. 

0.0 i 

8*95 1 

( 

2-2 

9-4 


It is evident, therefore, that the lecithinase activity is completely destroyed 
by this treatment. This is further corroborated by haemolytic tests carried on 
with normal saline solution or emulsion of the respective residues left after extrac- 
tion with acetone. The residues from those containing the autoclaved venom 
solutions were non-haemolytic and the other two strongly hsemotytic in the absence 
of any venom. 

Action on cholesterol esters . — To see if any of the venoms has any action on 
cholesterol esters a 0-5 per cent emulsion of' cholesterol oleate "was prepared and 
0'5 per cent solutions of both cobra and viper venoms were allowed to act upon 
it at 37°C., for 21 hours, autoclaved venom solutions with the usual amovnt of 
esters being used as controls. 

Table IX. 


1 Gobka. 

Viper. 

‘ .Autoclaved 
control. 1 

Unheated. 

Autoclaved 

control. 

Unheated. 

0'5 per cent choIesLerol oleate , o'O 

emulsion, c.c. j 

5-0 

.5-0 

5-0 

j 

Venom solution, c.c. . . . . ' 5'0 

5‘0 

5-0 

.5-0 , 

1 

N/.50 NaOH required, c.c. .. , 1'75 

2-0 i 

C-50 
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It appears that none of the venoms has any appreciable action in splitting up 
cholesteryl oleate. It was, however, observed that the unheated cobra-venom 
solution caused appreciable lysis of the cholesteryl ester emulsion so that the 
" emulsion appeared much clarified in comparison with the control in which the 
ester and normal saline were used. The Auper venom, on the other hand, curdles 
the emulsion, and a fiocculent precipitate is formed. The significance of this 
observ^ion in relation to the haemolytic action of the venoms will be discussed 
in a subsequent communication. 

Summary and conclusions. 

1. The lipolytic properties of cobra and Russell’s viper venoms have been 
compared. 

2. None of the venoms has any action on an emulsion of olive oil. 

3. Cobra venom acts energetically on ethyl but3-rate, but viper venom has 
no appreciable action upon it. 

4. The esterase activity and the hajmolytic activity do not run parallel. The 
esterase activity is altogether destroyed b}’^ heating the venom solution to 56°C. 
for half an hour, but the hssmoljdic property is not appreciably affected by this 
tteatment and it persists though much impaired when heated to 100°C. for 
15 minutes. 

5. Both the venoms act upon lecithin by splitting up fatty acids, but the 
viper venom appears to have a somewhat stronger action. 

'6. The venom lecithinase is very stable and its activity is not appreciably 
diminished even by subjecting it to a boiling temperature for 15 to 20 minutes. 
On autoclaving, however, it is entirely destroyed. 

7. There is a close parallelism between the lecithinase activity and luemolj'sin 
formation in the presence of lecithin. 

8. None of the venoms could split up an emulsion of cholestcr)'! oleate. but 
in the presence of cobra venom there was an appreciable lysis of the emulsion, 
whereas with the viper venom a flocculation of the emulsion was observed. 
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[Received for publication, December 31, 1937.] 

Since the Heidenhein (1892) method of staining by aqueous solution of 
htematoxjdin preceded by mordanting in an aqueous solution of iron-ammonium- 
alum was introduced it has remained, and still remains, the standard method for 
permanent preparations of protozoa, especially where it is desired to bring out 
nuclear structure. 

In all textbooks on staining technique great stress is laid upon the importance 
of using iron-ammonium-alum which shows no signs of decomposition. This can 
be sufficiently well judged by the appearance of the crystals which should be of 
a good \'iolet colour. Decomposition of the alum takes place on storage and 
results in a brown deposit of an insoluble basic alum on the crystals. Such supplies 
of iron-ammonium-alum which did not contain perfect violet-colonred crj-stals 
were considered nnsuited for the preliminary mordanting. 

It occurred to us that, since the black lake, which is the essential staining 
element of this method, can be obtained without the use of pure violet crj’stals. 
these might not be nece.«sary and a scries of experiments to elucidate this* point 
was undertaken, 

A solution of iron-ammonium-ahim prepared from pure violet crv,stals will, 
if kept, gradually produce an insoluble basic deposit which, on .shaking the bottle 
causes a marked turbidity. This effect is hastened by keeping thc° solution in 
ordinary soda-water glass bottles and, to some extent, retarded bv keeping it in 
^ • ( 259 ) 
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Iron-HcBinatoxyUn Staining Technique: An Illusion. 

Jena glass bottles. Once the change has occurred, however, the solution is 
usually considered unfit for use and lienee freshly prepared solutions are always 
recommended. 

_ As the change on keeping the solution probably occurs as the result of hydro- 
lysis, the solution increasing in acidity as the basic deposit separates out, it appeared 
reasonable to suppose that solutions made up in an acid medium would remain 
clear for a long period and hence, if equally effective for mordanting purposes, 
would obviate the necessity for always preparing fresh solutions. 

To test this h}^othesis solutions of iron-ammonium-alum were prepared in 
0-5 per cent sulphuric acid and used by the ordinary Heidenhein technique for 
staining protozoa. These proved very satisfactory and remained perfectly clear 
during an observation period of several months at room temperature (averaging 
85°F.). '\'\Tiile making these observations we carried out certain other tests with 
solutions of iron-ammonium-alum made under varying conditions. 

Thus we made 3 ‘5 per cent solution of iron-ammonium-alum under the con- 
ditions given below and used these as mordants in staining protozoa by Heidenhein's 
process ; — 

1. With good violet crystals in distilled water. 

2. With good violet crystals in 0-6 per cent sulphuric acid, 

3. With old brown-coloured deteriorated crj^stals in distilled water, 

4. With old brown-coloured deteriorated crystals in 0-5 per cent sulphuric 

acid. 

6. With good violet crystals in 0-6 per cent sodium-carbonate solution, 
which gave a muddy precipitate. 

The staining results could not be differentiated in the five series. 

These five solutions were kept for some months and re-tested in a similar 
manner. Again the result in each case was a perfectly satisfactory stain. 

Summary. 

1. In staining protozoa by the Heidenhein iron-hsematoxylin process it is 
unnecessary to use oriiy violet crystals of iron-ammonium-alum as a mordant. 

2. Solutions of iron-ammonium-ahun which have produced a precipitate on 
keeping are satisfactory in use. 

3. To make a permanently clear solution of iron-ammonium-alnm it may he 
dissolved in 0-5 per cent sulphuric acid. 

4. The only essential factor in producing a good iron-lnematoxylin stain is 
a good solution of hasmatox^din. 

REFERENCE. 

‘Vber Kern and Protoplasm in Festsclir fur Kollikcr’, 
p. IIS. 
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ON SANDFLIES {PHLEBOTOMUS) FROM CEYLON, 
SIAM, AND 'MALAY. 


BY 
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(From the Dejiarlnient of Parasitology, Hebrew University, Jerusalem.) 
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The present paper deals with collections of sandflies made during 1932 to 
1934 l\Ir. H. E. Carter, and with material sent for identification by Sir Guy 
Slarshal, Director, Imperial Institute of Entomology, and Dr. F. W. Edwards of 
the British hluscum (Nat. Hist.). A part of the work was done in the Department 
of Entomology, London School of Hygiene and Tropical hledicine. The author 
is most grateful to Hr. H. S. Sutton of that Institution who carried out much 
of the preliminary work. 

Phlehotomus zeylanicus Annandale. 

The female of this species was described by Annandale in 1910. The male 
was described by Young and Chalam (1927) as P. clialami n. sp. Sinton {1928a) 
recognized P. clialami as the hitherto unknown male of P. zeylanicus. He also 
published drawings of the buccal cavity and pharyn.x of the female and of some 
parts of the male genitalia (Sinton, 1932, 1933a). 

A collection of P. zeylanicus forwarded by !\Ir. H. F. Carter from Ceylon gave 
an opportunity of studying this species anew and several interesting facts 
ajipeared. Among the material examined tliere were two clearly defined forms 
of females differing mainly in the structure of the buccal cavity and in the win" 

index one of which turned out to be the hitherto unlcnown female of P. arhoris. 
The spennatheca of P. zeylanicus can now be described. The male genitalia in 
our material differ in several important details from the descriptions and draw- 
ings by Sinton, and by Young and Chalam. 

Female. 

Size ; 2-7 mm. IVings ; length 2-35 mm., width 0-7 mm., wing 
index J 2-1 to 2-85. Palpi: formula: 1, 2, 3, 4, 5. Segment 4 only 

( 2G1 ) 
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very slightly longer than segment 3. Relative length of segments: 1—3-3- 
4-8 — 5 — 8. Antennae: Segment 3 > 4 5. = I'l. 

Buccal cavity (Plate V, fig. a).— A straight row of 11 to 18 Jong pointed 
teeth and 2 to 4 rows of short, stumpy teeth anterior to the long teeth. Pigmented 
area rounded anteriorly in the form of half a circle with a short anterior process. 

Pharynx. ^Lamp-glass shaped ; 2 to 3 times as wide posteriorly as in the 
anterior region, with some rows of very minute teeth in the posterior narrow 
portion. 

Spermatliecw (Plate V, fig. f). — Only the apical part could be made out 
in one specimen. They are apparently wide thin-walled tubes as in P. mimiHis 
with faint transverse striations. 


Male. 


Size : 2-3 to 2-5 mm. Wings : length 2 mm., width O’G mm., wing index 
^ =1-5 to 2-7. Average: 2. Palpi: formula: 1, 2, 3, 4, 5. Relative 
length of segments: 1 — 3 — 4-4 — 4-6 — 8. Antennae: Segment 3 > 4 -f 5. 

~ = 1-3 to 1-8. 

Buccal cavity. — A single row of 8 to 10 teeth, with one or two rows of short, 
stumpy teeth anteriorly. No pigmented area. 

Pharynx. — Similar to that of female but slenderer, with a few rows of small 
teeth in the posterior narrow part. 

Genitalia (Plate VI). — The distal segment of the superior chsper xnarkodly 
longer than half the basal segment, which bears on its inner surface a broad brush 
of long hairs. Four spatulate spines on the distal segment, two terminal and two 
at the middle of the segment. The small ventral seta situated slightly distal to 
the two rniddle setee. The middle clasper Avith wide rounded head and proniinent 
beak-like process and 6 to 8 long hairs ventrally. Penis short and stout, slightly 
tapering towards a short point. Inferior clasper long and pointed, slightly shorter 
than the basal segment of the superior clasper. 


The shape of the middle clasper differs from that given by Sinton and by 
Young and Chalam who show a narrow hooked head Avithout the ventral hairs. 
The penis is much narroAver than that figured by Sinton. The second segmen 
of the sirperior clasper is longer than half the length of the first segnrent, aa n e 
ill Young and Chalam’s specimen it is shorter than half the length of the firs . i 
inferior clasper is shorter than the first segment of the superior clasper, aa u e i 
longer in Young and Chalam’s specimen. 

The material examined was collected by hlr. H. F. Carter from the folIoAA in^ 


localities in Ceflon : — 

Godigomuwa . . 
KatuAvawala . . 
Depanama Panni 
Maharagam.a . . 
Kalagoda 


30-10-1932 to 13-11-1932 
27-11-1932 

19-2-1933 to 25-3-1933 
21-5-1933 
6-3-1934 


71 d d, 9 9 9. 
27 cf d , 4 9 9 . 
7 c? <J, 1 9- 
Odd. 

5 d d, 2 9 9 . 



0. Theodor. 


263 


The mtniber of females lecoided above probably includes some females of 
P. arboris. 

P. arboris Sinton. 

The male of this species was described in 1931 from Darjeeling in Bengal. 
The specimens were caught together with P. teylanicus. 

Carter’s collection from Ceylon contained 18 male specimens of P. arboris, 
116 males of P. zeyJanicus, and 20 females at first identified as those of P. zeylanicus. 
A more detailed examination of the female specimens revealed among them the 
presence of two different forms, which were rather similar superficially. They 

showed however constant differences in size, uung index and in the buccal cavity. 
A comparison of the measurements of wings, etc., with those of the males of 
P. arboris established beyond doubt that one of the two forms was the hitherto 
unknown female of P. arboris. 


Male. 

Size: 1-9 mm. Wings: length I'T mm., width 0-45 mm., wing index 
j = 0‘7 to 1. Palpi : formula : 1, 2, 3, 4, 5. Relative length of segments : 

1 — 3 — 4-2 — 4'8 — 8. Antennae: Segment 3>4 + 5. ^ — 1-75. 

Buccal cavity (Plate Y, fig. d ). — A slightly curved row of 9 to 12 broad teeth 
each of which bears several small secondary indentations. The lateral teeth point 
towards the centre. Sometimes the teeth are so turned that only their narrow 
edge is visible and they appear then as simple pointed teeth. There are two or 
three rows of small stumpy teeth anterior to the row of big teeth. These small 
teeth are sometimes arranged in groups of two or three. Pigmented area trian- 
gular or heart-shaped, pointed anteriorly, covering half the width of the buccal 
cavity or less. 

Pharynx. — ^Lamp-glass shaped, slender, with some rows of teeth in the 
posterior narrow part. 

Genitalia. — Second segment of the superior clasper with four spines, of which 
two are terminal and two arise at the apical third of the segment. The small 
ventral seta is situated at about the proximal third of the segment. Second 
segment about half the length of the first or slightly longer. Middle clasper with 
a narrow rounded head. Penis narrow, tapering to a fine point. Inferior clasper 
slightly shorter than the basal segment of the superior clasper. 

This description agrees in all essential points with that given by Sinton, 
except that he docs not mention the rows of small teeth in front of the broad teeth! 

Fem.vle. 

Size: 2T mm. Wings: length 1-7 mm., width 0-5 mm., wing index 
^ = 1- Palpi: formula: 1, 2. 3, 4, 5. Relative length of segments 
1— 3 — 4-G — 5 — 8. Antennte: Segment 3 > 4 4- 5. = M5. 
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Buccal cavity (Plato V, fig. &).— A straight row of 15 to 19 pointed teetli placed 
rather nearer to eacli other than in P. zeylanicus. Seven to eight rows of sliort, 
stumpy teeth anterior to the big teeth. Pigmented area triangular, stretching 
over the whole width of the buccal cavity with a long anterior jJrocess. Near the 
apex of the triangle (not of the process) there is sometimes a heavily pigmented 
definitely outlined cap. 

Pharynx (Plate V, fig. c).— Lamp-glass shaped, 2-0 to 2-5 times as wide 
posteriori}^ as anteriorly with some rows of minute teeth in the posterior narrow 
portion. 

SpennatheccB (Plate V, fig. e).— Smooth elliptical capsules with thin walls 
and a collar round the anterior process. The ducts coidd not be made out. 


P. arboris differs from P. zeylanicus in its smaller size. The wing index ^ 
is alwaj^s greater than 2 in the female P. zeylamcus, while it is about 1 in the 


female P. arboris. 


In the male the wdng index 



always greater than 1‘5 in 


P. zeylanicus and 0‘7 to 1 in P. arboris. The male genitalia of the two species are 
easily distinguished from each other by the position of the basal pair of spines on 
the second segment of the superior clasper and by the forms of the middle clasper 
and of the penis. 

In the buccal cavity of the female the long pointed teeth are more widely 
spaced in P. zeylamcus and there are only 2 to 3 rows of small teetli as against 7 
to 8 in P. arboris. The pigmented area is rounded anteriorly in P. zeylanicus 
and triangular in P. arboris. The spemiathccce in both species differ as indicated 
in the drawings. There is no striation in the spermathecie of P. arboris. It is, 
however, very difficult to see the spermatliecae in both species and fresh material 
should be examined in order to define the structure of these organs and 
particularly of their ducts. 

A re-examination of collections of P. zeylanicus which were caught together 
with males of P. arboris will probably reveal the presence of the female o 
P. arboris described above. 

The distribution of the females of Carter’s collection from Ceylon cannot be 
given completely as some of the material was no longer available when the feina e 
of P. arboris was recognized. 

Material examined was collected by Carter from the following localities in 
Ceylon : — 


Godigomuwa . . 
Katuwawala . . 
Depanama Panni 
Kalagoda 


30-10-1932 to 13-11-1932 

27-11-1932 

25-3-1933 

6-3-1934 


4 5 ?, 13 3 S ■ 
29 ?, 1 ^ • 

3 3 3. 

1 9. 


P. bahu var. insularis var. nov. 

P. babu was originally described by Annandale in 1910. baler it 
sidered to be a synonym of P. minutus. Sinton re-_estaWished 
examining the buccal armature w’^hich he found to differ from tha 
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P habu lias been found to be widely distributed in India and lias since been 
recorded from Mauritius (Theodor, 1931). Specimens reseinbling P. babu very 
closely were found among the material from Ce}dou. There is no full description 
of P. babu in the recent literature and the specimens from Ceylon are, therefore, 
described in detail. 


Eemale. 

Size; I'T mm. Wings: length 1-53 mm., width 0-38 mm. ( 

= 4). Wing index ^ = 0'65 to O'S. The wings of a specimen of P. babu from 

the Punjab are much narrower • formula: 1, 2 (3, 4), 5. 

Relative length of segments ; 1 — 2 — 2-6 — 2-8 — 4-5. This formula differs 
slightly from that of P. babu from India and Mauritius in which palpal segment 
4 is either slightly shorter than, or equal in length to, segment 3. Antennse : 

Segment 3 < 4 + 5. = 1 to 1‘15. 

Buccal cavity (Plate fig. a).~k row oi about 45 to 55 equal teetli 
tying in an arc which is concave postcriorty. This is the main difference from 
P. babu in which species tlic number of teeth varies from 25 to 33 in specimens from 
different localities, e.g., 24 in a specimen from the Punjab (Plate VII. figs, c, d) ; 
30 to 34 in specimens from Mauritius and India (exact locality of these specimens 
unknown). The uotcli in the buccal cavity is deep and rounded and relatively 
bigger in the specimens from Ceylon than in P. babu. The pigmented area is faint 
and broadly heart-shaped with a truncated or sometimes bifid anterior process. 

Pharynx (Plato VII, fig. b). — Slender, twice as wide anteriorly as poste- 
riorly, with numerous narrow pointed teeth in the posterior part. In specimens 
of P. babu from India and Mauritius the teeth in the pharjuix are much broader, 
scale-like and the armature extends higher up in the pharynx than in the speci- 
mens from Ceylon. Tliis was particularly marked in the specimen from the 
Punjab (Plate VII, fig, d) in which the teeth are still broader than in other speci- 
mens from India (Plate VII, fig. /) and in which the armature extends to about 
one-third of the length of the pharynx. 

Spcrmathcco) (Plate VII, fig. c). — Wide elliptical capsules with a short 
anterior process and a collar around it. The posterior opening of the cansules is 
wide and continues into a duct which narrows gradually. 

jM.vle. 

No difference could be found between the male specimens from Ce3don.and 
(hose of P. babu from other localities. The genitalia have been fi"ured bv Sinton 
(19336). 

The differences described above, i.e., number of teeth in the buccal camtv 
number and shape of teeth in the pliarvinx and the other .s ma ll differences, are 
constant in all the materi.al from Ceylon and are sufficient to .separate these sand- 
flies from the t\q)e species as a new varietv for which the name P. babu var 
insuiaris is proposed. 
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Material examined was collected 
Ceylon : — 

Godigomuwa . . 

Pannipitiya . . 

Depanama Panni 
Maharagama . . 


by Carter from the following localities in 

.. 13-11-1932 1 

. . 5-2-1933 2 $ $ . 

. . 19-2-1932 3 $ ? , 3 S $ . 

.. 21-5-1933 3 S S,1 $. 


P. iyengari var. malayensis var. nov. 

Female. 

Size : 2'1 mm. Wings : length 1‘8 mm., Avidth 0‘43 mm., wing index 

= 1’5. Palpi ; formula : 1, 2, 3, 4, 5. Relative length of segments : 
1 — 2'5 — 4 — 4'5 — 10. Antennae : Segment 3 > 4 + 5- = 1‘3. 

Buccal cavity (Plate VIII, fig. d ). — A row of 15 to 17 long pointed teeth 
arranged in an arc slightly concave posteriorly. The four median teeth are placed 
more closely together than the lateral ones. There is a second row of much 
smaller stumpy teeth anterior to the long teeth. The median ones of these small 
teeth are pointed and larger than the lateral ones. At the sides there is sometimes 
a double or triple row of small teeth. In some cases a third row of teeth seems 
to be present in the middle, corresponding in position to the median teeth of the 
second row. This, however, is only an impression made by the points of the larger 
teeth of the second row on the pigmented area which apparently rests on these 
teeth. The pigmented area stretches over the whole width of the buccal caAUty 
and it is rounded anteriorly with a moderately long pointed anterior process. 

Pharynx. — Lamp-glass shaped, twice as wide posteriorly as anteriorly with 
a few transverse ridges in the posterior narrow part. 

Sperniathecce (Plate VIII, fig. e ). — Long cylindrical capsules with shghtly 
crinkled surface, moderately thick walls, and relatively long anterior process. In 
some specimens there are traces of irregular internal segmentation. 


Male. 


Size : 2T mm. Wings : length 1'6 mm., Avidth 0‘36 mm., wing index 
= 0’9 to IT. Antennas : Segment 3 > 4 -f5. ^ = 1'8 to 2. Palpi as in 

female. 


Buccal cavity . — A row of 8 to 10 short teeth with a rudimentary second roAV 
of still smaller stumpy teeth. No pigmented area. 

Pharynx . — Lamp-glass shaped, but slenderer than in the female. No 
armature except some tranSAmrse ridges in the posterior part. 

Genitalia . — Basal segment of superior clasper slightly more than 
length of distal segment. Four setae on the distal segment, of Avhich 'y® / 
terminal and two markedly sub-terminal. _ The small ventral seta_ is si 
the apical third of the segment. The middle clasper has a pointed 
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t'-miini^tioii. Tiic pciii? is taperinj with a l)Iunt tip. The inferior 

clasper i.' slightly shorter than thc"^ basal segment of the superior clasper. 

Sinton (1933^) describcfl the female of P. vjcvf]nri from Travancore (2 9 9 )- 
Raynal and Gaschen {I93-ja) completed this description and described the hitherto 
unknown male from Indo-China (1 5 • 1 9 )- Later in the same year Kaynal and 
Gaschen (193oi>) dcscribe<l P. I.vxtvus from Indo-China. 

Tl’.e material from Selam:ore described above is very closely related to 
P. iv- rnari. Measurements and the form of the buccal cavitv* and pharrax corres- 
pond closelv with those of the latter species, except that the number of teeth in 
the buccal' cavitv is slightlv larger (14 in P. iyengari : 15 to 17 in the material 
from Selanuore). ' Sint^n dof's not mention the presence of a second row of small 
teeth in the buccal cavitv but Raynal and Gaschen dc.=cribc it. The form of the 
piamented area is dificrent. the anterior process is narrower and pointed, and the 
posterior projection of the pigmented area is absent in P. iyergnri. The sperma- 
theem are intermediate between those of P. iyevgari and P. hivermts in showing 
a capsule and some traces of internal segmentation, but resemble those of 

P. / ii'cn, us in general form. The wing index is slightly larger (in the material 
from Selangore) than in P. iy‘'vgnri. but this is a rather variable character. 

The male genitalia are slightly different in that two of the setre on the apical 
segment of the superior clasper are markedly sub-terminal, while all 4 are terminal 
in P. iyo'gnn. The middle clasper ends in a beak-like process, while Raynal 
and Gaschen describe a blunt finuer-like termination (of the middle clasper) in 
P. iya-'yan. though this may probably have been due to distortion in the only 
male specimen in their collection. (This is supported by the fact that in their 
illustration of the male uenitalia of P. iy^-vgnri they have shown the bases of 
the hairs on the ventral surface of the distal part of the middle clasper, while 
these hairs are usually dorsal in the wivut'is group). 

The digerences described above do not apparently justify the creation of a 
new species but they are sufneient to consider the specimens from Selangore as a 
new variety for which the name P. iyzvgnri var. rnnhyevsis is proposed.^ 

3Iaterial examined ; 5 2 9 . 17 5 5. Selangore, iMalay Peninsula (‘ in old 
packing case with coco-nut husks'). A. G. Pillai. 4-10-1935. 

Phlebotomas iyengari var. hivernus Raynal and Gaschen. 

A critical comparison of the description of P. iyevgciri with that of P. hivernus 
as given by Raynal and Gaschen reveals a very close resemblance in these two 
species. The characters on which the new species P. hivermts vrns erected (size, 
number of teeth in the anterior row in the buccal cavity, the form of the 
spennatheem) do not seem sufficient for that purpose. The form of the sperma- 
thecs which is the main distinguishing character between them seems to 
vary considerably, as indicated by the form of the spermatheem in P. iyengari 
var. p-alayens-is. which is intermediate between those of P. iyengari and of 
P. hiverv'ts. ^ 

It IS, therefore, proposed to consider P. hivernus as a varietv of P. iyengari. 
until the examination of a sufficiently large series of the three forms discussed 
above, brmgs out further characters for distinguishing them. ’ 
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_ P. dtircm Parrot is also very closely related to the al)ove three forms, from 
which it differs in minor details only and it is doubtful whether this also should 
not be considered as a variety of P. iyenyari. But as the male of P. dureni is 
unknown it is x)i'einature to discuss its relationship to P. iyenyari and its varieties. 


P. barraudi (?) var. nov. 

One female specimen from Bangkok (Siam) was among the material. 
The measurements of the various parts and the morphology of the pharynx 
and spermathecse correspond on the whole to the description of P. barraudi 
given by Sinton. There are, however, some differences in the buccal cavity. 
The specimen from Siam had 54 teeth (Plate VIII, fig. a) and the teeth in 
the pharynx (Plate VITI, fig. b) are much shorter than those shown in Sinton’s 
paper. They are certainly very different from those figured by Raynal and 
Gaschen (1934a and b) for this species from Indo-China. The palpal formula 
of the specimen of P. barraudi from Indo-China also seems to be slightly 
different from that in -the Indian form of this species, e.g., the third segment 
is nearly as long as the fourth in the latter, while it is definitely shorter in the 
former specimens. It is, therefore, possible that the form from Bangkok 
and that from Indo-China may have to be made separate varieties of 
P. barraudi. 

Material examined : 1 $ , Bangkok (Siam), July 1932 (Causey). 


P. bailyi var. campester Sinton. 

Two female specimens of this variet}’- are in the collection from 
Bangkok. The measurements of these two females correspond to those 
given by Sinton, and by Raynal and Gaschen. The arrangement of the teeth 
in the buccal cavity, however, somewhat differs from that given by Sinton, 
who shows small teeth of equal size distributed in little groups in two to 
three irregular lines. In these our specimens from Bangkok the median teeth 
are markedly bigger than the lateral ones and they are arranged, in one specimen, 
in a nearly continuous row, with a broken second row at the sides. In the second 
specimen there is a short row of 5 longer teeth in the middle and some isolated 
groups in two rows laterally (Plate VIII, fig. c). In this specimen the arrange- 
ment rather resembles that figured by Raynal and Gaschen. 

P. bailyi var. campester seems very closely related to P. nicnic Banks 
as pointed out hy Sinton (]931a). The characters on which Sinton bases the 
distinction of the female P. bailyi var. campester from P. nicnic are either ver} 
variable (expansion of posterior part of buccal cavity, length of third antenna 
seo'ment) or they are minor characters. On the basis of this information P. bat yi 
vfir. campester might easily be considered a variety of P. nicnic, but as there is no 
material for comparison and the description of the male P. memo is not availaD 
this question is left open. 

Sinton also records this species from Bangkok. 

Material examined : 2 $ ? , Bangkok (Siam), July 1932 (Cause}’-). 







Plate VIII. 
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(a) Buccal ca’rity of female of P, harrindi (?) var. nov. 

(c) „ „ „ „ „ P. bailt/f rar. campester. 

(b) Pharynx of female of P, barraudi (?) var. nov. 

(d) Buccal cavity of female of P. iymgari var. malayensis var. nov 

(c) Spermatheca of female of P. iymgari var. malayensis var. nov. 
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P. stantoni. 

The two specimens from Ceylon correspond in every detail to tlic des- 
cription of Sinton. and of Raynal and Gasclicn from Siam and Indo-China. 

jraterial examined; 1 ?, Kaiagoda {Ceylon), C-3-I934. 1 $, Katawa 

ranni (Ceylon), Jan. 1934 (Carter). 


P. argentipes. 

Material examined; I 9. Godigomnwa, 13-] 1-1932. 2 SS,2 $9, 
Pannipitiya. .0-2-1933. 1 9, Depanama Pnnni. 1 2-.'}-] 9.34 . 1 9, Katawa 

Paimi. J.an. 1931. 1 5, 1 9. Kaiagoda, G-3-1934. Ceylon (Carter). 


P. squamipleuris var. indicus Th. 

JTatcrial examined ; 2 <55,2 9 9, Bangkok (Siam), July 1932 (Causey). 
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Cardiac stimulants are often exhibited to revive a failing heart and it is a 
matter of some importance both from pharmacological and therapeutical view- 
points to know whether these remedies exert their action directly on the musculature 
of the heart or indirectly tlirough the nervous mechanisms controlling the heart. 
Pharmacologists and physiologists have attempted to analyse and locate the seat 
of action of these drugs by a variety of experimental methods involving the use 
of ‘ denervated ’ or isolated hearts or by utilizing the selective affinity of certain 
chemical agents to produce depression or paralysis of ganglion cells and nerve- 
endings. The dual natme of the nerve supply and other complexities associated 
with cardiac enervation, however, offer considerable difficulties in the way of 
investigation and most of the data in this field are largely inferential and tentative. 
Thus, it is almost impossible to denervate completely the heart of adult vertebrates 
to test the action of drugs on the muscle. If the cervical and thoracic sympathetic 
chains are removed as has been done by Cannon et al. (1929), the sympathetic 
nerves of the heart degenerate completely and no regeneration is possible as the 
cell bodies have been removed. Cardiac vagus nerve, unlike the sympathetic 
cannot, however, be entirely eliminated, as even after complete section of the vat^us' 
the post-ganglionic fibres have been known to survive (Cameron, 1933) and, there- 
fore, one can draw no safe conclusions regarding the site of action of drugs by 

( 271 ) 
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using the so-callcd ‘ cl enervated ’ hearts. Bj'' using an isolated heart, one’mavbe 
sure that the ehects on such a preparation must Ire of peripheral origin but this "does 
not exclude the possibility that the action may be either through the intrinsic nervG 
endings or the neuromuscular substance of the heart or directly on the cardiac 
muscle. By the judicious use of chemical agents lilce nicotine, atropine and. 
ergotoxine, very useful information regarding the point of attack of cliflerent cardiac 
remedies may be obtained but even these data are not ahvays conclusive. 

The only vertebrate hearts vhich have no enervation, neither sympathetic nor 
parasjmipathetic, are those of vertebrate embrjms in the earlier stages of develop- 
ment. Shortly after the onset of heart function, regular rhythm and conduction 
develop even before the nerves reach the heart. The aneural embryonic heart,, 
therefore, is the most satisfactory material in vdiich to study the direct action of 
drugs on the muscle of the heart. The present study with fragments of such 
embryonic cardiac tissue cultivated in vitro was undertaken primarily to answer 
the fundamental question as to whether the commonly used cardiac ‘ tonics ’ exert 
a direct effect on the heart muscle and, if so, the nature and intensity of this action. 
Incidentally, it was expected that an investigation on these lines might thro\r some 
light on the neuro-humoral theory of Loewi and Dale which postulates that 
autonomic nervous impulses to the heart are mediated through the liberation of 
chemical agents of the type of adrenaline and acetylcholine. 


Materials and method.?. 

Armstrong (1935) has shown that the hearts of the embyros of Fwuhihis 
heleroclitus and Fundidus majalis (.salt-water minnows) are moiphologicallj^ and 
physiologically aneural from the onset of heart beat after 72 hours of development 
until the 8th day. Markowitch (1931) working on the response of acetylcholine 
on chick-embryo hearts found evidence to indicate that such hearts were nerve- ree 
up to 7 to 8 days. In our experiments, therefore, we thought it desirable to use 
only fragments of cardiac tissue from chick embryos between 2 and 7 days old. 

The technique of tissue culture originally developed b)’^ Carrel (1912) and as 
modified in this Laboratory by Chopra, Das and Mukerji (1936) was employee n 
brief, this was as follows; Tlie hearts were removed aseptically from cm n\ on 
chicks of various ages (2 to 7 da3vs) and were cut into fragments of about 1 sq. m ^ 
in area. It was usually possible to do this v/ith the naked eye; a ^ 
microscope was seldom used in our series, as very small bits of heart tissue '' 
were cultivated never survived for a sufiiciently longtime. The hear ^ 
were then suspended in a. mixture of extracts derived from the em irj o ‘ i 
the homologous plasma obtained from a cock. Two sets of slides were p i < 
with a view to watch the two different characteristics of the heart exp an s . 


best, namelv, (1) the throbbing of the heart and (2) the fibroblastic ^ ° 

tissue cells. In the first set of slides where the rate of throbbing was . i 
result to be observed, embryo extract was avoided as ^ Under 

a drop of extract was necessary to help in the \ without 

such conditions, the throbbing went on for a number of days (/ o -- * .) 
change of medium. In the second set of slides where ^ ‘ i quantities of 

rate "of tissue gro\vth only, the explants were L ‘ Ugsue "rowtli. 

embryonic extracts which apparently possessed a stimulating e 
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To study tlio ofTpct of curdiac drugs, both tj^ics of cxplants were treated with 
various dilutions of the drugs under investigations and controls were kept side by 
side for jnirposes of eomparison. More than a dozen cxplants were made in each 
ease and every dilution was repeated at least live times. Tlie slides were kept in 
an incubator at 37-.'3°C.. and examined every day inside a microscope incubator to 
record the rate of throi)bing. The relative growth of tissues in the second series 
of slides was also measured daily with the help of camera lucida on graph paper. 
The number of .squares covered by a particular explant was calculated and the 
percentage increment from day to day was recorded and comparisons made with 
the controls of the .same series. Usually, records were maintained for 8 to 9 
days but. in a few eases, longer periods of observation were necessary. 

The results obtained with lanadigin (pure glucoside of D. lamia), thevetin (pure 
glucoside from T. nenifolia), stroplianthin (pure glucoside of K. slrophantlnis), 

Xjaffeine (trimethylxanthine), and cardiaze’ tetrazol) are 

presented in this paper. Pure lanadigin was ! '.ccof charge by 

Me.ssrs. Beiersdorf, Ltd., the original manufacturers. Pure thevetin (M. P. about 
1Q2°C.) was isolated from the original plant in the Department of Chemistry, 
Sclmol of Tropical Medicine. International .standard strophanthin was obtained 
, from the National Institute for Jledical Research, London. Pure caffeine (Merck) 
and cardiazol (Knoll) were procured from the market. Solutions were prepared 
fre.sh on the days that tissue cultures were put up. A stock solution of 1 : 1,000 
was prepared for each drug and it was passed through L-3 candles to render them 
bacteria-free. These stock solutions were subsequently diluted with Pannet 
and Compton’s (1924) isotonic solution for use in the tissue explants. 


Results. 

The most significant results on the rate of throbbing (after 48 hours’ incubation) 
as well as on the extent of tissue proliferation (after 60 hours’ incubation) are shown 
in the. Table and are also grapliically represented (Graphs 1 and 2). These results, 
however, are generally representative of the type of changes occurring in the 
explants during the whole period that it was possible to keep them alive. It 
will be seen from a careful perusal of the Table that the first three drugs, namelv 
lanadigin, thevetin, and strophanthin, have produced qualitatively similar reactions, 
although there are distinct differences in the degree of response in each case. In 
dilutions of 1 in 10.000 to 1 in 50,000, lanadigin brings about a definite inhibition 
in the rate of pulsations. The rate of fibroblastic outgrowth of the explants is 
also markedly retarded in these concentrations. As the strength of the drus is 
increased from 1 in 1.000 to 1 in 100, the inhibitory effect is changed gradually 
into a toxic effect, as is evidenced by a complete stoppage of the pulsations and 
ultimately to a fatty infiltration of the cells and complete disorganization of the 
tissue fragments. If the explants are exposed to a dilution we.aker than 1 in 50,000, 
.the inhibit, ory action is only feebly marked. The rate of throbbing is diminished] 
sometimes from the normal average of 75 beats per minute to about 40 beats per 
minvite, but the pulsations are seen to become more powerful and more prolonged. 
The interval between any two beats appears to become longer, though for want 
of a suitable method to measure this phase, it is not possible for us to make a 

J » Mr 1 Q 
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definite statement. The tissue proliferation also is stimulated in these concentra- 
tions, being more definitely noticeable in a dilution of 1 in 100,000 than in 1 in 
50.000. Thevetin and strophanthin are slightly weaker than lanadigin, the 
inhibitory effect on the rate of throbbing in both the cases disappearing in a dilution 
in the neighbourhood of 1 in 10,000. Strophanthin in weaker dilutions has some- 
times caused an initial enhancement of the rate of pulsations which, however, is 
definitely slowed in the later stages. The tissue-growth retarding effects are also 
comparatively less than lanadigin (see Plate IX, figs. ], 2, 3, 4, 5, 6, and 7). Caffeine 
and cardiazol have produced effects on the explants which are sharply in contrast 
to those produced by the first three drugs. Except in a dilution of 1 bn 100, both 
these drugs have manifested a markedly stimulant action; the rate of pulsations 
shows a tendency to increase from the very onset and they become stronger and 
more forceful. I'he fibroblastic 'out-growth proceeds at a rapid pace and almost’ 
fills up the whole slide within a comparatively shorter period (see Plate IX, figs. 
8 and 9). The explants can be kept alive for a much longer period and the 
throbbing goes on with iminteiTupted vigour. The cells which proliferate are 
healthy in appearance and do not tend to show fodtA' infiltration as is commonly 
seen with the lanadigin explants in the later stages (9 to 10 days). Cardiazol 
appears to be slightly more powerful than eaffeine, though the latter apparently 
■possesses a peculiar property of maintaining a tissue explant throbbing for a 
longer period of time. 


Discussion. 

From the results obtained, certain interesting conclusions may be drawn. It 
seems clear that the three glucosides tested in our series possess a predominantly 
inhibitory effect on cardiac explants, whereas both caffeine and cardiazol exert a 
predominantly stimulant and tonic efl'ect. It is well known that the pharmaco- 
logical actions of digitalis and strophanthin are very similar and Chopra and Mukerji 
(1933) and, later, Chen and Chen (1934) have shown that the_ glucoside^ of 
T. neriifolia exert a digitalis-like action on the heart. The qualitatively identical 
nature of response on cardiac explants goes to show that not only the nature of 
action but the mechanism and site of action of the three glucosides may also_ he 
the same. It has been often contended, sometimes on excellent pharmacological 
evidence, that digitalis is chiefly a vagomimetic drug and the therapeutic 
effects oliserved in auricular fibrillation and in other types of loss of compensation 
are due to central and peripheral vagal stimulation^ diminishing cardiac one, 
excitability and rate of conduction through the Purkinje system. While tiis may 
be true in the intact mammalian heart, experiments on isolated strips o car lac 
tissue or on isolated perfused hearts show quite a noticeable prepon eiancc o 
muscular effects over vagal effects, and indicate that digitalis-like drugs ina} la 
some direct muscular action in addition to the vagal action. Jhe 
arises as to whether the effect on the muscle is one of rnnv 

experimental evidence on this point is contradictory. ’V • ‘ ] ' 

possess an inherent stimulant effect on amicular and ventneu ar ^ 

its power to increase the speed of conduction m ‘\orl-in<^ with fro<^- 

fibrillation in cases of auricular and ventricular fibrillation, ^ ^ firclnriR ind 

preparations. Loewe (1918) observed increased “ Z 

Lhlined diastolic panses. Sasaki (1921) also found evdcnco of ineieascd 



Plate IX. 



Fia. 1. fio- -• 



Fia. 6. 



Fro. 5. 


Fig. 7. 





Fig. 9. 


Figs. 1, 2, 3, i, 5, 6, and 7. — Camera-lucida drawings of cardiac explants. 

Fig. 1. — Control explant. Fig. 2. — Lanadigin (1 in 30,000) showing retardation of growth. 
Fig. 3. — Lanadigin (1 in 100,000) showing slightly improved growth than control. Fig. 4. — Thevetin 
(1 in 100,000) slight stimulation of growth. Fig. 5. — Strophanthin (1 in 100,000) slightly better than 
thevetin. Figs. 6 and 7. — Caffeine and cardiazol (1 in 10,000 and 1 in 5,000 respectively). 
Figs. 8 and 9. — Photomicrograph from .slides showing extensive tissue out-growth in Fig. 9 which 
has been treated with caffeine. Fig. 8 is the corresponding control. 
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The alkyl etlier.s of liydrocujireines have been sjnithesized in pure form by 
Giemsa and Halberkann (Ifllfl) and also by Ilcidelberger and Jacobs (1922). 
Morgenroth el <il. (1922-1926) and Giemsa et al. (1917-1926) have carried out, 
extensive studies on their pharmacological and therapeutic properties particularly 
with reference to their local anajsthetic properties, antimalarial activities, antiseptic 
properties in wound infections, and bactericidal properties in systemic infections 
caused Iiy such organisms as streptococcus and pneumococcus. The hydro- 
cupreidine derivatives have apparently up till now not been pharmacologically 
examined. Acton (1921), Chopra (1922), and later Acton and Chopra (unpub- 
lished) carried out some studies on ethyl hydrocupreidine wdiich indicated that 
the dextro-rotatory derivatives might be more potent therapeutic agents than their 
levo-rotatory isomers. This led to the synthesis of the follownng compounds at 
the School of Tropical iledicine by Ghosh and Chatterjee (1931 ; 1932) and a 
systematic investigation has now been undertaken. 
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Table I gives the details of the compounds prepared: — 

Table I. 


Hyd rocupreidine derivatives. 


a 

3 

1 

2 


3 

4 

5 

6 

7 


Name of base and 
empirical formula. 

Structural 

formula.* 

Melting 

point, 

C. 

1 

1 Solubility, 

1 

/ 

j 

i Optical 

j rotation. 

1 

1 

Ciystalline 

structure. 

H y dr ocupreidino 

R.OH 

195° 

i Alcoliol 
ether 
CHCI 3 

1 benzene. 

1 

1 

-1- 253-4° 
tC=-l-42 in 
alcohol). 

1 Cream-tinted 

1 hexagonal 
plates. 

Methyl hydro- 
cun r e i d i n e 
( Hydroquinidinc ) 
a,oH,,, 0 ,N 2 

R.OOH 3 

1GG°-167° 

< 

do, 

1 

\ 

-f 230° 

! 

: Long needles. 

) 

Ethyl hydro- 
euproidino 

R.oaHs 

197-5‘’-198° 

do. 

-L 212 - 8 ° 

(C = 1-008 
in alcohol). 

Slender 

needles. 

n - p r opyl-hydro- 
cupreidino 
C,,H 3 „ 0 ,N, I 

H.OC 5 H, 

1 

; 

1 

1 B 2 ^ 

do. , 

1 

1 

+ 206-25° 

(C == 1 in 
CHCI 3 ). 

Long needles’. ' 

Iso-propyli 

hydrocupreidine 

1 

R.OC,H, 

isr 

1 

1 

do. 1 

1 

-f 206-25° 

(0 = 1 in 1 
CHCl.,). j 

Colourless 

plates. 

n - b n t y 1 h y d r 0 - 
cupreidine 
0 ,„H 3 , 0 ,.Nj 

! 

1 

i 

R.OC,H„ 1 

170° 

do. 

+ m-r,° 

(C = 1 in 
CHClJ. 

1 

Needles. 

Iso-butyl hydro- 
cupreidine 
0 , 3 H,, 0 ,N, 

R.OCJI„ 

175° 

t 

1 

1 

1 

do. j 

1 

+ 186-7° i 

{G = 2 in ' 
CHOU). j 

Needles. 


I 


* See opposite page for reference. 


Xiimbcr. 
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Table I — conchl. 


I ><nn\c of mul 
I cmpiricjil lonmila. 


8 1 n-a in y 1 li J <1 r o- 
I (- 11 p r r i cl i n 0 

I c..n,.n.N. 


9 j I E o-n 111 y 1 li_\ tlro- 
c u p r c i cl i II c 


10 


n-li c X y 1 Ii y cl r o- 
c u p r c i cl i n c 


11 ii-h 0 p t y 1 lijclrn- 
c II p r o i d i n e 
; C„H„OsN, 

i 


12 j n-o r t y 1 hydro- 
0 u p r c i cl 1 n o 
C„H., OA% 


13 


S e c.-o c t y 1 hydro- 
cuprcidiiic 


I 

1 


Slnutiiral 

forniul.i.* 

Jfcltiii" 

poiiil, 

C. 

iSohibility. 

Ojitical j 

rol.ifion. ' 

Crystalline 

slriictuic. 

IJ.OC.H., 

lor 

Alcohol 

ether 

ciia 

ben/ciic. 

-1- 189-2.5'’ 

(C =- 1 in 
chloioforin). j 

Long needles. 

R.OC’.Il,, 

168° 

! 

do. 

d- 201° I 

(0=2 in 
abs. alcohol). 

: Jlicro-scopic 
needles. 


1 

j 

- 

1 

— 

R.OC,H„ 

158' 

Alcohol 

ether 

CHCI, 

benzene. 

b 179-75° i 

(C = 1 in 
chloroform). 

\ Long silky 

1 needles. 

1 

1 

R.OC,H„ 

151° 

do. 

+ 170-75° 

(C = 1 in 
chloroform). 

Thin needles. 

1 

U.OCdl,, 

- 

- 

— 

1 

1 


The base could not be crystallized. The correspondinc hydrochloride salts -were, however, 
obtainable in pure form. 

* ‘ R ’ stands for 



The present investigation concerns itself with a study of the comparative 
hcemolytic activity. The comparison has been made with quinine and also with 
the corresponding hydrocupreine derivatives which are available. 
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Methods. 


Red blood corpuscles. — Red blood corpuscles of rabbits and human beings 
were used for this study. The blood was obtained from the ear-vein of rabbits, 
defil.winated, and the corpuscles separated from the plasma by centrifugalization. 
Venous blood from healthy laboratory assistants and apparently healthy patients 
attending the skin clinic of the School of Tropical ‘Medicine, was collected in 
potassium oxalate tubes and ccntrifugalized. 

The corj)uscles were then washed and ccntrifugalized three times with physiologi- 
cal saline. Hiis treatment was usually sufficient to render the supernatant fluid 
colourless. IVhere even a slight colouring of the supernatant fluid was discovered, 
an additional washing was resorted to before the corpuscles were used for studies 
on h 0 cmol 3 ^sis. 


Preparation of solution. — As the liydrocupreidine bases are only soluble in 
organic solvents, the corresponding hydrochloride salts were used for the experi- 
ments. Most of the salts are soluble enough to enable a 0‘5 per cent solution to 
be easily prepared and provided the pH is properly adjusted, the solutions can be 
maintained without precipitation for a fairly longtime. The higher homologues 
are, however, very sparingly soluble and onl}'^ very weak solutions can be prepared. 
The oct 3 d salt is often precipitated when dilutions were made with physiological 
saline. In these cases, dilutions were made with a solution of h 3 ’drochloric acid 
of pH 5‘6. 

Hydrogen-ion concentration. — Acton (loc. cit.) showed that quinine base had 
very slight haemolytic propert 3 ’’ that the haemolysis reported after quinine 
administration was due primaril 3 '^ to acidity of the h 3 xlrochloride salt used in 
therapeutics rather than to the base itself. In these experiments, the hydrogen- 
ion concentration was, therefore, rigidly controlled and though it was not possible 
to bring the solutions near the neutral point on account of the sparing solubility 
of some of the higher homologues of the series, attempt was made to keep 
the pH at the range between 5‘3 and 5‘8 by the judicious addition of phosphate 
buffer. Controls with weak acid of the same pH range were run_ side by side 
whenever necessary. However, it was found that in case of quinine solutions, 
changes of jiH between 5 ‘3 and 5 ‘8 had little effect in bringing about an acceleration 
of hsemolysis. 


Hoemolysis studies. — As this was only a comparative stud}', no attempt was 
made to construct ‘ percentage hsnmol^'sis curves ’ by calculating the percentage, o 
cells haemotysed in relation to the total number of corpuscles, as recommended by 
Ponder (1923) and Ponder and Yeager (1930). Two comparatively simple rnetliocls 
W'ere devised to observe the h£emol 3 dic reaction. In the first series, (1) tne mmnn/ni 
time for the starting of Immolysis wlien the corpuscle suspensions w'ere kept in con ac 
wxtl/ various dilutions of the liydrocupreidine derivatives under _ 
were recorded. A. series of dilutions ranging from 1 in 250 to 
employed in each case and the results obtained were used in plotting « 
dilution curve ’. It is not always easy to detect the exact time at whicJi „ 

just starts by simple observation of the translucency of the nst 

in glass tiibe.s. In cases of doubt, it was found convement to hold the _ 

a powerful electric bulb in front of which a metal diaphragm with a slit-likc aper 
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was attucliod. As soon -as the corpuscles began to gctlakcd, the cell suspension 
became translucent at the top and the light spot was clearly visible for that area. 
In the second .series. ("2) ihr. luinimvm conccnintlion jnsl necessary lo j/roihice 
Inviiiohjsis was oiisorved l>y keej)ing the time of exposure of the corpuscular 
su.sjicnsions to tlie difi'erent drugs constant. Equal volumes of various dilutions 
of the particular drug to be tested wore a<klcd to cell suspensions, the tubes were 
gontlv rotated to help unifoim mi.xturc, and after exactly 20 minutes, the tubes wore 
eentrifugali/.ed and tl\e evidence of liremolysis, if any, was looked for in the 
supernatant ilnid. Eree luemoglobin was easily detected from the pink colour 
of the supernatant fluid. Presence of brokcii cor])usclcs and corpuscular debris wore 
also seen under the microscope. Controls without the addition of drugs were run 
side bv side in every case to avoid any fallacy in the observations. The minimum 
concentration jnst nece.ssaiy to juoducc luemolysis with quinine hydrochloride is 
given the arbitrary value of unity and the ha;inolytic potency of the other 
derivatives is cxprcs.scd in terms of quinine. 


IIksuuts. 

The e.xperimental findings are recorded in Tables II and III and are also 
graphically represented (Graphs 1 and 2). The efl'cet of the hydrocupreidine 
derivatives only are o.xliibited ; the levo-rolatory compounds behave in practically 
the same way and the diil'ercnccs in luemolytic potency of the members available 
for study arc so insignificant that a separate table is not necessary. Washed 
human red blood corpuscles were generally employed. The results with the rabbit 
corpuscles were practicuUy identical, and hence arc not separately mentioned. 

A consideiation of Table II and Graph I shows clearly that the hydrocupreidine 
derivatives arc very powerful htcmolytic agents, the activity increasing steadily’’ 
with the increase in the number of carbon atoms in the side chain. The higher 
is the drug in this scries, the ejuieker is the onset of liremolysis and the reaction 
becomes also completed within a shorter period. The rapidity’ with which the 
reaction takes place in .some cases indicates that hremoly.sis with these derivatives 
is probably of the type of ‘ saponin ’ haemolysis and not ‘ osmotic ’ liremolysis. The 
increase of haunolytic activity v.-ith the increase in the complexity’ of the side 
chain is also borne out from a consideration of Table III and Graph 2. Taking 
quinine as unity, the numerical representation of the activity of the octyl salts are 
about 120. An interesting point is the, behaviour of the iso-buty’l salt which appears 
to be nearly 10 times stronger than its homologue. In the case of tlic amyl and 
jiropyd derivatives, however, there is no evidence that the iso-compounds are 
any stronger than the normal derivatives. This point is being more fully 
investigated. 

The intense liremolytic activities manifested by the last 3 or 4 members 
of the series (n-hexyl, u-heptyl, n-octyl, sec.-octyl) would ordinarily preclude 
the possibility of their- being rrscil in sy’steniic medication even if later 
investigations prove them to be porverful ’ pbarmacodyiiamic and therapeutic 
agents. The effect of the addition of serum on the cupreidine corpuscle 
hteraolytic system was, therefore, also investigated. It will be seen from 
Table III that such addition of serum has an appreciable effect on the 
hienrolytic process. The higher lioniologues show greater response as far as the 
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I’ABLIi III. 


Relative hoiniolytic 2WlenGy of Jiijdrocupreidine derivatives. 


Name of compounds. 

hlinimum 

concentration 

for hfcmolvsis. 

‘ 

Minimum 
concentration 
for hajinolysis 
nith scrum. 

Relative 
hajmolytic 
potency'. 
(Quinine = 1) 

Quinine HC. 

1-400 

1-250 

1-0 

Hydrocupreidine IICl. 

1-500 

1-400 

1-25 

Hydroquinidino IICl. (Jlethyl 
hydrocupreidine HCl) 

1-500 

1-400 

1-25 

Ethyl 

1-SOO 

1-400 

2-0 

n-propyl 

1-1,000 

1-400 

2-5 

Iso-propyl 

1-900 

o 

o 

£•3 

n-butyl 

1-1,800 

1-800 

4*75 

Iso-butyd „ 

1-18,000 

1-8,000 

47 

n-amy „ 

1-5,000 

1-3,000 

15 

Iso-amyl ,, 

1-5,000 

1-3,000 

15 

n-hexyl 

1-20,000 

1-8,000 

50 

n-heptyl 

1-28,000 

1-9,000 

70 

n-octyl „ 

1-50,000 

1-28,000 

125 

Secondary-octyl „ 

1-48,000 

1-25,000 

120 


Graph 1. 

Relative hccmolytic 2^oicncy 


14 gec.-ootyi 


12 

M 



n-amyl 

Tso-amyl 


n-hexyl 


Iso-propyl 


n-heptyl 


I 


\ 


n-butyi 

Iso-propyl 

n-propyl 

Kthyl 

Methyl 

Hydrocuj)reicline 

Quinine 
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GRArn 2. 



of Hstemoiysis during ihe 1 sf- hour- 


inliibition of hseinolysis is concerned. The heptyl and octyl salts are, however, 
still highly hcemolytic and this fact needs careful consideration in connection with 
their use in practical therapeutics. The mechanism by which such inhibition of 
hemolysis is brought aboixt was not investigated. The alkaloids probably react 
with the protein component of the plasma to form non-lytic compounds. Similar 
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phenomena are known to occur in saponin or bile-salt hBemolytic systems ^\•he^e 
the addition of serum or plasma causes a definite inhibition of the hfemohdic 
reaction. 

CoNCLnSIOKS. 

1. The haemolytic activity of hydrocnpreidine derivatives increases in potency 
with the increase in the number of carbon atoms in the side chain. The haemolysis 
tends to be more complete with the higher homologues than wfith the lower ones 
where partial haemolysis is more common. An exception is noted in the case of 
iso-butyl salt for w'hich no explanation is at presojit forthcoming. 

2. The iso-compounds are practically identical in potency with the normal 
derivatives. The iso-propyl derivative is probably slightly weaker in action. 

3. Hydroeupreine aiid hydrocnpreidine derivatives are similar as far as their 
haemolytic actimty is concerned. 

4. The hacmohdic potency diminishes greatly in presence of serum or plasma. 
In this respect, the members higher up in the scries show greater response than 
the lo'.ver homologues. 

5. The hydrogen-ion concentration has an apiweciable influence of the 
haemolytic process and the phenomena resemble more ‘ saponin ’ haemolysis than 
‘ osmotic ’ luemolysis. 
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STUDIES ON SOJIE DEXTRO-EOTATORY 
HYDROCUPREIDINE DERIVATIVES. 

Part II. 

COMPARATIVE ACTION ON DIGESTIVE ENZYMES. 


BY 

B. JIUKERJI, M.D., D.SC. (Mich.), 

AND 

N. K. IYENGAR, m.sc. (Bomb.). 

(From the Biochemical Standardization LahoraloTy, Government of India, All-India 
Institute of Hygiene and Public Health, Calcutta.) 

[Received for publication, February 23, 1938.] 

SoMOP.DisTZEV el al. (1027 to 1929) have made a comprehensive study of the 
action of various concentrations of quinine on the different digestive enzymes, 
and their studies have thrown considerable light on various aspects of the problem. 
Contrary to the general idea that cinchona alkaloids always inhibit the digestive 
enzymes, they discovered that therapeutic doses of qiiinine hydrochloride did not 
disturb the progress of peptic digestion in the stomach in the presence of normal 
acidity. In connection with the investigation of the pharmacological action and 
therapeutic properties of the hydrocupreidine derivatives, it was considered of 
interest to study the comparative action of these derivatives with their correspond- 
ing liydrocupreine salts and quinine hydrochloride on digestive enzymes. The 
effects on the salivary, pancreatic, and intestinal enzymes responsible for carbo- 
hydrate digestion (amylases and invertases) are presented in this paper. 


Methods. 

The flow of saliva was stimulated by chewing a bit of paraffin wax and a 
quantity of saliva was collected in a beaker ; 0-5 c.c. of the filtered saliva was then 
made up to ,’50 c.c. The amylase content of saliva in this dilution was found 
me { 289 ) 19 
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Table I. 



Sauvaky 

AMYLASK. 

PaKCBEATIO AStYEASE. 

Inveetase. 

Lovo-rot.itory 

compoumls. 

f 

Activity ' 
e.^prcy-ed ns 
c.c. of N/10 

i Xn,SA- 1 

Percentage 

of 

inhibition. 

Activity 
cxpro.ssed ns 
c.e. of N/10 

Nn.S,0,- 

Percentage 

i 

inhibition. 

1 i 

Activity 
expressed ns 
‘ c.c. of N/10 
Na.S.O,. f 

i 

Pcrcentogo 

of 

inhibition- 

Original activity 

i>0 

, . 

4-0 

■■ 

5-0 

. . 

Quinine HCl . . j 


15 

3-4 

1 1 

4-70 

G 

Hvdroq u i n i n e ' 
HCl. j 

1 

9 

i 

3-0 

! 

10 

4-70 

6 

Ethyl hydro- 

cupreino HCl. 

4-40 ! 

12 

3*50 

t 

12-6 

i 4-70 

I 

G 

i 

IsQ-butyl hvdc, 
HCl. 

3-95 

21 

‘ 3-10 

1 

22-5 

3-70 

26 

Iso-amvl hvdr. 
HC1.‘ 

1 3-00 

' 40 

! 

i 2-30 

i 

42-5 

3*50 ' 

j 

30 

iBo-hcptyl hvdr. 
HCl. 

j 1-50 

70 

1-16 

71-25 
^ 71-25 

4-40 

12 

l8o-octvl hydr. 
HCl. 

1-30 

70 

1-16 

i 

1 1 


4-80 

4 


Table II, 


1 

Saeivaey amylase. 

PaNOBEATIO AttYLASE. 

Inveetase. 

Dextro-rotatory i 
compounds. | 

Activity 1 
expressed .as j 
c.c.ofN/10 i 
Na,S,0,. 

Percentage 

of 

^ inliibition. 

1 

Activity 
expressed as 
c.c. of N/10 
Na.,SA. 

j Percentage 

1 of 

inhibition. 

Activity 
expressed as 
c.c. of N/IO 
Na,S,0,. 

Percentage 

of 

inhibition. 

1 

Original enzyme | 
activity, i 

6-0 

] 

i 

4-0 

•• 

5-0 

•• 

Quinine HCl . . 

4-25 ' 

15 ' 

3-4 

15 

4-7 

6-1 

Hydrocupreidine 

HCl. 

5-0 

mi \ 

4-05 

Nil 

i 

5*0 

j 

mi. 

diethyl hvdr. 
HCL 

5-0 ' 

mi • 

4-05 

mi 

5-0 

mi. 

Ethyl hydr. HCl 

5-0 ' 

mi i 

4-00 

mi 

5-0 

mi. 

n-propyl hydr. 
HCl. 

4-8 

4 

4-00 

mi 

5-0 

i 

mi. 
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Table ll—concld. 



SAij;v,,vRy 

AMYLASE. 

Pancreatic amylase. 

Invertase. 

Doxtro-rotatory 

compounds. 

1 

Activit3' 
e.xprcssed ns 
c.c. of N/10 
Na,S,Oa. 

Percentage 

of 

inhibition. 

Activity 
expressed ns 
c.c. of N/10 
Hn^S.Oa. 

Percentage 

of 

inhibition. 

Activity 
expressed ns 
c.c. ofN/lO 
Na„S„0,. 

Percentage 

of 

inhibition. 

Iso-propj'l hj'dr. 
HCl. 

4-8 

4 

3-05 

Nil 

5-0 

Nil. 

n-butyl h 3 ' d r . 
HCi. 

4-8 

4 

3-90 

2-5 

4-80 

4 

Iso-butyl hydr. 
HCl. 

4-8 

4 

3-85 

3-8 

4-80 

4 

n-ainyl hydr. 
HCl. 

4-65 

7 

3-80 

5 

4-5 

10 

Iso-am 3 ’l li 3 'dr. 
HCl. 

4'65 

7 

3-80 

5 

1 

4*5 

10 

n- hexyl hydr. 
HCl. 1 

4-45 

1 

1 1 

11 

3-60 

1 10 

1 

4-5 

10 

n-heptyl hydr. 
HCl, 

4‘45 i 

i 

1 

11 

3-GO 

10 

4-4 

12 

Sec. -octyl h 3 'dr, 
HCl. 

4-35 

13 

3-50 

12-0 

4-4 

12 

n-octvl hydr. 
HCl. 

4-35 

13 

3-50 

12-5 

4-4 

12 


An examination of the above tables reveals that the levo-rotatory hydro- 
cupreines are far more powerful inhibitors to the enzymes than the dextro-rotatory 
hydrocupreidines. Acton (1921), however, came to the conclusion that the dextro- 
rotatory cinchona alkaloids wei'e more powerful in their inhibitory actions on 
enzymes than the levo-rotatory isomers. This might be due to the fact that j i ^ 
more accurate and modern quantitative methods for studying enzymatic } 
were not available in those days. The higher members of the levo-rotatory 
cupreine series exert stronger inhibitory action on the amylases than _ 
invertases, whereas the dextro-rotatory derivatives are almost siniilar in le 
behaviour towards all the three enzymes. Judging from their inhibitory ac 
on invertase, iso-butyl and iso-amyl hyeb’oeupreines appear to be the 
potent of the series. 

The addition of each CH 2 group to the basic molecule of the 
investigation retards the amylolytic digestion considerably, indicating 
possibilities with reference to the character of the active enzyme js 

the case of hydroquinine (methyl hyclrocupreine), the Percentage ot l . 

only 9 as against 70 with iso-octyl hydrocupreine. It is possible tha ■ 
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radicals react with tlio active cnz^niio group resulting in varying degrees of inactiva- 
tion depending u])on the number of CHo groups. Tire depression of activity in 
the case of invertase apparently docs not bear any relationship with the addition 
of CH 2 groups to the molecule. This .suggests that the mode of inactivation of 
the invertase is probably different from that of the amylases. 


Summary and conci.u.sions. 

1. The comparative inhibitory action of a series of dextro-rotatory hydro- 
cupreidinc doriva<^ives and their corresponding levo-rotatory isomers, wherever 
available, on salivary and pancreatic amylases and on yeast invertase was studied. 
Quinine was taken as the standard of comparison. 

2. The levo-rotatory hydrocupreines arc found to be far more powerful 
inhibitors to the amylases than the dextro-rotatory hydrocupreidines. Quinine 
comes in between the two groups, being generally weaker than the higher members 
of the Icvo-rotator}’ hydrocupreines but stronger than the dextro-rotatory hydro- 
enpreidines. The lower members of the hydroeupreidine series do not appear to 
possess any inhibitory action at all on invertase activity, while the higher homologues 
(from butyl-derivative upwards) arc definitely more potent in this respect.. The 
mechanism of inactivation has not been worked out in detail but the evidence 
available seems to indicate that the alkyl radicals (CITo groups) react with active 
enz 5 Tne groups of the amylases and that the mode of inactivation of invertase is 
probably different from that of the amjdases. 
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THE EFFECTS OF ANTERIOR PITUITARY EXTRACTS 
AND CHOLINE ON THE LIVER-FAT OF RABBITS. 
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The excessive increase in the neutral fat of tlie liver (‘ fatty infiltration ’) 
and the change in the physical characteristics of the fat with more or less extensive 
damage to the liver cells (‘ fatty degeneration ’) are commonly met with in a 
variety of phy.siological and pathological conditions. In the early stages of starva- 
tion, for example, fatty changes in the liver are commonly seen and a fat-ricli diet 
is frequently accompanied with fatty livers. Several substances like cholesterol, 
alcohol, phloridzin, chloroform, phosphorus, and carbon tetra-chloride are known 
to produce fatty livers and the association of diseases like pernicious ansemia, yello-w 
fever, acute yellow atrophy, eclampsia, etc., with fatty degeneration of the liver 
is already well established. The mechanism of production of these changes, 
however, is still obscure. During recent years, a number of interesting observations 
on the influence of pituitary extracts and choline on the fat melaboHsm of the 
liver have been published which promise to liave an important bearing on many 
aspects of this question. 

Coope and Chamberlain (1925) showed that the injection of posterior-lobe 
pituitary extract w^as followed by an increase in the concentration of the hver-fat. 
Oshima (1929), Hynd and Hotter (19S2), 'White (1933) andMukerji and van Dyke 
(1935) confirmed and extended the experiments of Coope and Chamberlain. That 
the anterior pituitary extract also has some eifect on the metabolism of fats was 
first pointed out by Burn and Ling (1930) who noted increased excretion of ketone 
bodies following injection of anterior pituitary in rats fed on a fat diet. Anselmino 
and Hofimami (1931) found an increase in the ketone content of rats’ blood and 
Magistris (1932) reported similar findings in the rabbit. Best and Campbell (1936) 

( 295 ) 
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liavc conclusively demonstrated extensive deposition of liver-fat in rats after tbe 
injection of anterior pituitary extracts. 

During the course of an extensive investigation on tlie meclianism of fatty 
infiltratioii of the liver in de-pan creatized dogs, Best and Huntsman (1932) discovered 
that the feeding of choline effectively prevented the deposition of liver-fat in such 
animals. This interesting observation has since been extended and it has been 
shown that choline cures fatty livers due to starvation, a fat-rich diet or a diet rich 
in cholesterol (Best and Bidout, 1933; Best, Hershey and Huntsman, 1932; 
Best, Channon and Bidoiit, 1931). Whether choline 'would be able to exert a 
similar effect and antagonize the effect of t])e pituitary extracts on the ‘ liver-fat ’ 
is a pertinent question. Mukerji and van Dylce (toe. cit.) showed that the feeding 
of choline chloride had no effect in preventing tlie fatty infiltration due to injection 
of posterior pituitary extracts. Data with regard to the effect , of the anterior 
pituitary were not available at that time, and the investigation could not be j)ursuecl 
further. By means of the experiments reported in this paper, it is hoped to throw 
further light on this interesting problem. 


Methods. 

A group of 24 young healthy rabbits weighing on an average between 1 kg. 
and Vo kg. were chosen from a stock colony, w'ere divided into three groups of 
eight each and were kept under identical conditions in a w’ell-ventilated room on 
an unrestricted diet of green grass, soaked peas, fresh cabbage or lettuce and carrots. 
A week was allowed for the rabbits to get acclimatized to the laboratory conditions 
before the first series of experiments were started. Most of the animals gained 
weight during the period of observation. 

Anterior pituitary gland tablets w'ere generously supplied by the Calciufa 
branch of Messrs. Parke, Davis & Co. A fresh supply of dried glaijd powcuer was 
also obtained from the British Drug Houses. The material administered to e 
rabbit.s was extracted from the crude anterior-lobe powder with 40 volumes o 
N /25 HCl according to the method outlined by Best and Campbell (loc. A ^ ^ 
bullcy protein precipitate was removed from this extract by adjusting h , h “ 
with HaOH. One volume of 95 per cent alcohol was added to the filtrate anc a 
reaction was adjusted to pH 5'2. The precipitate was removed and the n 
evaporated in vacuo, at approximately’- 35'’C. to 40X., to a volume which cn 
ponds to a 10 per cent solution of the original powder. A single large . 
anterior-lobe extract (400 mg. -kg.) was mixed wdth sterile gum pood 

and injected subcutaneously about 24 hours liefore the animals w’ere kiile . . 

was -v'ithheld during fliis period. The choline chloride was secured from ^ “ 

Kahlbaum & Oo. In the form of a 10 per cent aqueous solution, it was ar 
tered once daily by’^ means of a stomach tube. Enough water was _ 

ensure the administration of the whole dose. Tlie dosage employed w’as 
kg., wdiieh was found by Best and Huntsman (loc. cit.) to be suftcien. I 
ff^ty infiltration of liver in the rats. f n of the 

"The concentration of fab in the liver was determined hy^ a method 

methods of Turner (1930) and of Leathes and Raper (192.5). J u ^ 
was employed to remove the non-saponifiable matter immecuateiy ^ 
fication. 4e fatty acids wore then determined by tbe method of Veari 
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R.'iper {hr. cil.). Tlio iodine mnnbcrs of the fatty acids wore estimated by tbc 
method of Ifoscnmmid and Knlinhenn (192S) which is now generally considered to 
yield less erroneoiis residts than the lime-hononred Wij’s method. Triplicate 
samples of liver-) issue, mixed after being finely chopped, were used for the 
determination of liver fatty acids. Iodine numbers were determined in duplicate. 


ExVKinMKNTAh RKSUI.T.S AND COMMENT. 

The mo.st satisfactory experiment.s are summarised in Tables T, IT. and III. 
The normal concentration of liver fatty acids was determined in the fir.st group 
(Table 1). The second group (Table II) was injected with anterior pituitary 
extract at least 21 hours before the determination of tlie liver fatty acids. The 
third group (Table 111) vas fed daily with choline chloride for eight to nine days 
and, at the expirv of ll\is j)eriod, were injected with anterior pituitary extract and 
killed the following day for the estimation of liver fatty acids. 

Table I. 


The concentration of fat in the liver of the rabbit. 

' LIVER. 


Serial 

number. 

Sex. 

Weight, 

Weight, 

gi 

Fatty acids. 


Concentrations, 
per cent. 

Iodine 

numbers. 

1 

Male 

0-82 

33 

3-36 

103 

2 

Female . . 

1-00 

52 

3-54 

113 

3 

Male 

1-54 

54 

3-00 

114 

4 

Female . . 

M2 

39 

3-25 

129 

5 

Female . . 

1-22 

51 

3-07 

121 

6 

Male 

M2 

58 

2-75 

114 

7 

Female . . 

1-31 

55 

3-42 

11. -> 

8 

Stale 

1-20 

G4 

2-72 

130 





Com'fjurison of averages from Tables I, IL and 7TJ. 
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Discussion. 

From tlic experiments wliicli have been rc]mrteLl, two facts emerge which 
arc worthy of consideration. That certain fractions of the anterior pituitarj" are 
effective iii bringing almnt an increase in the fatty acid concentration of the liver 
is evident. Tliis fatty change is. however, not as marked as has been reported by 
Bc.st and Campbell {he. cit.) in rats where they obtained, in extreme cases, as much 
as a GOn per cent increase. The species of animal and the conditions of our 
experiments were not identical and hence strict comparisons are not possible. 
Further, this fatty infiltralion produced by the anterior pituitary extracts is not 
prevented by choline feeding. Best and his co-worlcor.s have previously shown 
that choline feeding is capable of preventing the fatty infiltration of liver produced 
by dietetic means. These observations raise interesting issues and enable us to 
speculate on the piobablc mechanism of fatty infiltration brought about by anterior 
pituitary extracts on the one hand, and fat and cholesterol feeding on the other. Fat 
deposition in the liver is due either to the fact (1) that excess of fat is being presented 
to it, (2) that the rate of oxidation or the retention of fat by the liver-cells is changed, 
or (3) that the factors which arc normally responsible for the transportation of fat 
from the liver are not operating with sufficient speed. It is interesting to investi- 
gate which of these processes are alTectcd by anterior pituitary injection, fat 
feeding, and choline administration. Our knowledge with regard to several aspects 
of fat metabolism is still incomplete and unless these are cleared up, it will be 
futile to attempt a satisfactory explanation. From the extensive studies carried 
out by the Toronto group in this field, certain tentative deductions may be drawn. 
Evidence is available in the published literature that choline effect is not apparently 
due to an action on the absorption or excretion of fat but probably due to a 
stimulation of the oxidative mechanism of the liver-cells. The effect of choline 
is chiefly exerted on the neutral fats and choline esters in the liver only, and the 
fat depots in other parts of the body appear to be unaflected by it. On the other 
hand, it has been shown by Schafer (1931), and Best and Campbell {loc. cit.) that the 
fatty infiltration caused by anterior pituitary extract is probably due to a mobiliza- 
tion of liver -fat from the depots. In our experiments, the significant lowering of 
the iodine numbers after anterior pituitarj’^ provides another evidence in support 
of this statement. It is, therefore, logical to conclude that the fatty infiltration 
in the case of anterior pituitary is not produced through the same mechanism as 
operates in the case of fat feeding. During recent years, much work has been 
done in establishing a relationship between the anterior pituitary and the pancreas 
(Houssay, 1936 ; Barnes and Regan, 1933 ; Anselmino. 1935). It is possible 
that the accmnulation of fat after anterior pituitary is only an expression of an 
imbalance betw'een these two glands leading to a defective carbohydrate 
metabolism. This, in its turn, is bound to afl'ect fat metabolism in the liver' which 
is recognized to be the most important site for the de-saturation of fatty acids 
and the formation of ketone bodies. 


Conclusions. 

1. A fatty infiltration of the liver may be produced within 24 hours in rabbits 
by the injection of a single large dose of anterior pituitary extract. The average 
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The Effect of Seitz Filtration on Hcemolysim. 

solution sliOAved that not onl)^ viper-venom solution which is bixt feebly heemolvtic. 
if at all, but even a solution of cobra venom which is strongly hxemolytic is rendered 
absolutely non-Inemolytic by this treatment. Dilute emulsion of lecithin remark- 
ably accelerates the haemolysis of all the venoms studied but it failed to produce 
any haemolysis with the Seitz filtrates of the venom solutions, showing that the 
htemolysin had either been completely eliminated or that it had undergone some 
change by the process of filtration. The results of these c.xperiments have already ^ 
been published (Chopra and Roy, 1936). 

With a view to see what effect, if any, the filtration through this filter has 
upon some of the other more well-known haemoljdic agents, the effect of filtration 
(1) upon some members of the saponin group, (2) upon bacterial hsemolysins, 
and (3) upon the components of a simple luemolytic system and also the serum 
hsemolysins was studied. 

Saponin substances. 

A 0'05 per cent solution of Merck’s saponin in N-sabne was prepared and 
a portion of it was passed through Seitz filter and the rest used as control. The 
R. B. C. suspension and the other components were prepared under aseptic 
conditions. The results are noted in Table I : — 


Table I. 


One per cent suspension of human R. B. 0, in N-saline %ised. 



( 
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A 0’05 per cont saline solnlion of tlie saponin isolated from Baringlonia 
aciifanyiila gave the results given in Table II : — 


Tahws II. 
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A very dilute solution of cyclamine in normal saline (O'OOl per cent) gave 
almost similar results (Table III) : — 


Table III. 



1 

t 

t 

U 1 

O 1 



UNrlETERED. 


Filtered. 


Serial number. 

c.c. R. B. C. 

c.c. saponin, O'OO 
cent. 

c.c. N-saline. 

1 hour. 

2 

3 

O 

.3 

Cl 

2 

3 

O 

Cl 

1 hour. 

2 hours. 

21 hours. 

Remarks. 

1 

1 

1 

1-00 

- 

+ + + + + 

+++++ 

+ + + + + 

- 

- 

- 

i No. 1 starts almost 
immediate hfemo- 

2 

1 

0-5 

0-5 

+ + + + 

+++++ 

+ + + + + 

— 

“ 

— 

lysis. 

3 

1 

0-2 

0-8 

- 

- 

4~ 

- 

- 
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4 

1 

0-1 

O'O 

— 

— 

- 

- 

- 

- 


5 

1 



0-05 

, 

0-95 

. 

— 

- 


- 

- 



It will be seen from the above that the Seitz filtrates of the saponin solutions 
are reirdered absolutely non-hEemolytic, the unfiltered solutions showing the usual 
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The Effect of Seitz Filtration on licBmolysins . 


liEemolytic .activit 3 ^ It slioiild be noted in tliis connection tliat the Seitz filter 
can effectively remove the h?cmolysin only in dilute solutions and this dilution in 
turn depends upon the nature of the substance. Ifor instance, though the hseniolysin 
is completeh^ removed from a O'Ol per cent solution of cobra venom, when a O'l 
per cent solution was used, the filtrate proved to be almost equally haemolytic as 
unfiltered solution. A O’Ol per cent solution of cyclamine filtered and unfiltered 
was found to be strongly and almost equally haemolytic. The same also holds 
good of a 0-5 per cent Merck’s saponin solution. 

Bacterial /(cmaolT/swis.— Under this head haemol 3 '^sins of cholera vibrio and 
of streptococcus lunmolyticus were studied. Cholera vibrios were grown on 1 per 
cent peptone solution and the streptococcus on serum broth. 

A twent 3 '--four liours’ old culture was used in each case. A 3 per cent suspension 
of washed sheep’s E. B. C. was emplo 3 md in stiuBfing the h 8 emol 3 >’sis. In each of 
the cases a culture from a non-haemolytic strain of the respective organisms was 
also used as control (.■;ce Tables IV-A and IV-B) : — 


Table IV-A. 
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Table IV-B. 
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It is clear from tlie above that cholera and streptococcal hajmolysins are 
effectively removed by Seitz tiltcr and we believe that other bacterial liaemolj’sins 
will behave in a similar manner. 

Components of a niOMOLYTic system. 

In order to see what effect this Seitz filtration has upon the components of a 
simple hajniolytic .system, guinea-pig’s diluted complement 1 to 30 containing 5 
'M. H. D. and diluted anti-sheep amboceptor 1 in G,000 were passed through Seitz 
filter and the elleet noted. The results arc given in Table V : — 


Table V. 
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The above results indicate tliat both complement and amboceptor in dilute 
solutions are effectively removed by this filter. 

The effect of Seitz filtratioji upon scrum liasmolysin was also observed in a few 
cases, 

A 3 per cent suspension of human R. B. C. in ?[-saiiuc was prepared and the 
efiect of fresh sheep’s serum filtered and unfiltercd upon it was noted (see 
Table VI) 

Table VI. 


Serial number. 
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It appears that undiluted serum though it ]jas lost much of its activity 
by filtration still retains it to a slight e.vtent. Tliis experiment was, therefore, 
repeated with the serum diluted 1 ; 1 with normal saliue. The results are given in 
Table VII 
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The htemolysin, therefore, is more or less completely removed from tlic diluted 
serum by this process of filtration. This is qiiite in keeping wi i ^ u 
observed in case of the members of the saponin group. 
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Discussion of the results. 

The Seitz filter consists of a disc of asbestos and it appears that it acts not 
merely by holding back the micro-organisms mechanically but has a dist inct surface 
action on a variety of substancc.s. Coplan (1913-14) produced evidence to show 
tliat asbestos filire possesses a number of activities which stamp it as an 3 'thing but 
an indifferent and inert substance. He showed that toxins including those derived 
from C. dipJitherid-, B. (ctnui, B. fubercidosis, and B. mallei, certain antitoxic sera, 
specific agglutinins, certain proteins, pigments, and colloids including starch solu- 
tions. diastase, cobra venom solution, and the complement and amboceptor of a 
hajmolvtic system, appeared to rcadil}' disappear from the solution when 
kept in contact with asbestos. It is evident from the above that asbestos fibre 
of which Seitz filter is composed has a distinct surface action on a variety of 
substances and it acts cither by eliminating the active principle by the process of 
adsorption or bj' altering its nature altogether. Which of the proce.sses is active 
in a particular case, it is difficult to say just at present. When the concentration 
of the active sulistance is low it may be removed altogether in the majoritj' of 
cases but with more concentrated solutions it has hardly any noticeable effect, 
probabl}^ because the thin layer of aslrestos can cope with, only a limited amount 
of the active substance when it is filtered througli it under suction, i.e., when the 
contact is onlj' for a short time. Our experiments have shown that bacterial 
hremoly-sins are totally eliminated or in some waj' rendered inert by this process. 
When, therefore, one is working with bacterial exoto.xin or luemolysins which are 
present in very small amounts or diluted solutions of other substances the use of 
Seitz filter must necessarily be avoided. Experiments were also done with a view 
to see what effect, if any, filtration through Berkefeld filters or through a layer of 
kieselguhr has upon the htemolysins studied here. It was found that while 
kieselguhr has no appreciable action on the hremolysins, Berkefeld candles have 
onty a slight action on these. 

Summary and conclusions. 

1. Dilute solutions of saponin (hlerck’s). cyclamine, and the saponin isolated 
from Bariv.glonia aculangida lose their hiemolytic property when passed through 
a Seitz filter. 

2. Bacterial hsemolysins are .similar^ affected. 

3. Diluted complement and amboceptor are inactivated by this process of 
filtration. 

4. Concentrated solutions of the active substances are comparatively un- 
affected. 

5. The use of the Seitz filter in investigation relating to bacterial toxins and 
when dealing with dilute solutions is attended with serious difficulties. 
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The use of tlic non-specific substances in enhancing the activity of the antigens 
was first observed by Ramon (1925). He was led to the track by the findin" that 
horses having an abscess at the site of the last injection due to infection with skin 
organisms yielded a very high-titre anti-diphtheria serum in comparison to the 
others having no such abscess. Experimenting with a number of non-specific 
substances after this finding, with a view to elucidate the nature of this action, he 
found ‘ tapioca ’ to be the best adjuvant and concluded that the effect of those 
substances was to promote slow absorption and elimination of the antigens, which 
could thus exert their fullest antigenic activity. 

After these e.xperiments Ramon and Descomby (1925) reported the production 
of high-titre diphtheria and tetanus antitoxin by using 1 per cent tapioca powder 
ivith the respective antigens. Glenny cl al. (1926) reported very good results in 
the production of diphtheria antitoxin with alum precipitated toxoids. Follow- 
ing those works, Ramon el al. (1937) and Glenny cl al (1931) published a 
number of papers on the subject, dealing with its various aspects. With the 
exception of tapioca and alum, other substances were also reported to give good 
results. Schmidt (1931) and others obtained better antitoxin production with 
diphtheria toxoid in combination with aluminium hydroxide than with the toxoid 
alone. Ramon and his collaborators used calcium chloride with good results "too. 
This principle has also found application in the use of the so-called ‘ vaccins asso- 
cides where a number of antigens are used together— one acting as the adjuvant 
of the other. •' 


Recently, Ramon, Lemetayer and Richou (1937) tested the efficacy of a number 
of non-specific substances in increasing the antitoxin production in different types of 
anmals. In guinea-pigs and rabbits they found that the incorporation of iLolin 
and olive oil or vaselin with the respective antigens produced the corresponding 
antitoxin several tunes as much as that produced by the antic^ens alone The 
same result was obtained with saponin which caused a local inflammation In 
sheep, tetanus anatoxin with emulsified vaselin and sterol or with lanolin nrnrinppri 
an antitoxin about 1,000 times as much as that produced by anatoxin alone In 
horses, anatoxin mixed with vaselin and cholesterol or vaselin and lanolin produced 

( 311 ) 
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of toxoid mixed with powdered tapioca, followed by another series of injections 
of heavy doses of toxoid to which enough calcium gluconate was added to make 
its concentration 1 per cent. The results are recorded in Tables t and II. The 
titre is expre.ssed in International Units. The maximum dose of toxoid injected 
to the horses varied from 500 to 550 c.c. 

Tablb I, 

Titration of horses given five injections of toxoid and tapioca and then 
another jive injections of toxoid and calcium gluconate. 


Horse I 

number. 

Titre at tlic 
commencement. 

i 

! Titre after the 

1 fifth injection. 

Titre after the 
tenth injection. 

492 

50 

100 

400 

478 

300 

300 

750 

280 

200 

500 

2,500 

540 

300 

500 

4,000 

539 

100 

750 

2,200 

637 

1 

100 1 

500 i 

1,200 

515 

200 

COO 

1,500 

484 

100 

750 

1,000 

461 

100 

300 

400 

604 

400 

750 

2,800 

510 

300 

600 

2,000 

499 

50 

500 

750 

Average 

1,625 
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Titre of the horses treated u'ith antigen only. 


Hon=c 

number. 

» 

t 

Titre nt the 
commencement . 

Titre after the 
fifth injection. 

Titre after the 
tenth injection. 

G22 

100 

400 

1 800 

j 

.-)23 

200 

500 

700 

i 

C3S 

100 

200 

1 400 

! 

241 

i 

200 

300 

500 

533 

300 

700 

1,000 

403 

200 

400 

' 1 

300 

Average 

017 


Discussion. 

The data recorded in Tables I and II show that the horses which received 
injections of toxoid mixed at first with tapioca and then with calcium gluconate 
responded much better than horses which received toxoid only. The average titre 
of the first group of horses was about ] ,625 I. U., whereas the average titre of the 
second group of horses which received the tetanus toxoid alone was 617 I. U. 
These results are in agreement with the conclusion stated jn our previous paper. In 
the immunization of horses for the production of diphtheria antitoxin Eamon and 
Lemetayer (1932) recorded that by injecting horses with toxoid mixed first with 
powdered tapioca (1 per cent) and then with calcium chloride (1 per cent) not only 
the titre of the serum of the individual horses could be raised to a hiwh value but 
it could also be maintained at that value for a fairly long time. 

In our experiments, however, the high titre attained in tire horses belont^inw 
to group I could not be maintained for long. It began to fall rapidly after^'the 
first two or tlnee bleedings. 

Eurther work is in progress on the maintenance of titre in horses under 
immunization for the production of tetanus antitoxin. 





320 Immunization of Horses for the Production of Tetanus Antitoxin. 


Acknowledgments. 

We ofier our grateful thanks to Dr. B. N. Ghosh, d.sc., for his advice and 
guidance and to the Managing Director, Bengal Immunity, for the facilities 
offered to carry out this work. We arc also indeljted to Mr. J. M. Datta for 
assisting us in this work. 

REFEREtrCES. 

Ramon, G., and Lemutayeh, E. (1932).. Jonr. Immunol., 22, p. 125, 

Ray, N. N., and Das, G. C. (1937) . . Ind. Jour. Med. Res., 25, p. 617. 



hid. Jour. Med. Res., 2G, July, 193S. 


APPLICATION OF ANALYSIS OF VARIANCE TO 
^iIORTALITY RATES * 

BV 

K. C. K. E. RAJA. 

SATYA SY'AROOP. 

K. C. BASAK, 


and 

R. B. LAL. 

{Fmn the All-India InstiMe of Hygiene and Public Health, Calcutta.) 


[Received for publication, January 31, 1038.] 

Epidesiic diseases exhibit a variability in incidence during the different parts 
of a year and also from year to year. The criteria that may, therefore, be taken 
into account in describing the course of an epidemic disease are : — 

(Ij the intensity of incidence, 

(2) the distribution of its prevalence within the year, and • 

(3) its variation from year to year. 

For measuring intensit}’’ the mean or median incidence may be taken for the 
period under investigation taking weekly, monthly, or yearly rates for this purpose. 
The mean weekly or monthly values, when plotted out on graph paper, give 
a picture of the mean seasonal variation. Similarly, yearly variation may be 
judged by calculating yearly mean values and plotting them out against lime 
as the other variable. 

In comparing one place (or disease) with another what is usually done is to 
compare these characteristics separately. The disadvantages in this procedure 
are that : — 

1. The method of comparison is purely by inspection and is, therefore, liable 
to lead to widely varying results at the hands of different investigators. 


J, MB 


♦ Read at the Statistical Conference, Calcutta, 1938. 

( 321 ) 
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2. The question of random variation of t]ie three cliaracteristics is not taken 
into account. 

3. Each characteristic can onl)’’ be judged independently of the other two. 
The question of the simultaneous variation of two factors, e.g., change of the 
seasonal curve from year to year, cannot be allowed for. 

4. There are no objective tests for establisliing similarity or otherwise between 
two diseases or places which are beiiig compared. 

5. If the number of places to be compared is large then comparison by mere 
inspection becomes wellnigh impossible. 

For the purpose of comparison, therefore, we want a method by which we can 
numericallj’’ assess the various characteristics independently of one another, 
estimate the errors of these measures due to random variation and provide tests 
by which to compare places (or diseases) • after taking all the three factors into 
consideration. 

Problems of a similar nature in other fields of research have been solved by 
the application of the method of analysis of variance, which has been devised by 
Prof. R. A. Fisher. The application of the method over the data relating to one 
place consists essentially in splitting up the total variability of incidence round 
the mean into the follounng parts : — 

(1) Seasonal variability or between months. 

(2) Cyclical variabilitj’- or between years. 

(3) Residual variability. 

The first and second constitute quantitative expressions of the effect of factors 
which come into operation at special seasons of the year or during particular j’-ears 
respectively. A high seasonal variability may point to factors, such as climatic 
variation or the occurrence of festivals or other causes producing large style- 
movements of population, agricultural labour for instance, as being responsible 
for the recurrence of disease at particular seasons year after year, A large ytyrly 
variance may, similarly, suggest that the area concerned is of the epidemic or 
endemic-epidemic ty^e, so that years of high incidence are followed by periods or 
comparative quiescence. 

The third portion of variability is the result of all other causes ptyducing 
fluctuation in cholera mortality in the centre. Fisher’s ' Z-test is designed to 
ascertain whether the mean variances due to months and years are significant, tba 
is, whether in regard to the particular place, seasonal and cyclical factOTs arc 
important. The residual, if it is large, suggests that the seasonal and ymarly factors 
are not sufficient to explain the fluctuation in the disease incidence and ttia^ 

therefore, further investigation is required. A low residual would; on the o -le 

hand, suggest that the monthly and yearly factors are the important- ones an 
that attention must, therefore, be directed towards the elucidation of the ctyi 
associated with these factors. 

In Table I- the' cholera mortality xateS per 10,000 population for 
in the district of Backergunj, Bengal, are analysed I)y the method of ana } 
variance (the Appendix sets out the contingency table). 


f 
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Table I. 

A»nli/sis of varinncc table for Ainloli thana, Bacicciyunj district, Benijal. 


Source of 
variation. 

Decrees of 
freedom. 

Sum of 
squares. ^ 

!Mcan 

1 variance. 

Months 

11 

4,9SS-5779 

1 

4.J3-5071 

Years 

.1 ! 

1 

1 

1 2,3191481 

1 

74-8112 

Kc.sidual 

341 

11,718-0235 

34-3037 


Botli seasonal and yearly eflccts are significantly different from the residual 
when judged by the Z-test. 

Analyses similar to the above were carried out for a number of centres and 
the seasonal, yearly, and residual variations were separated. 

The purpose of this study was to obtain homogeneou.s areas of fairly large size 
for epidemiological investigations and the next step, after analysing the variance 
of individual thanas, was to combine those which were contiguous and which 
exhibited similarit3L For this purpose a number of thanas, which appeared to be 
similar on inspection of the results of bivariate anal)’ses, were combined and a 
trivariate analysis was carried out, the total variability being split up into the 
following : — 

Source of variation. 

1. Between means of thanas. 2. Between means of months. 3. Between 
means of years. 

Interactions. 

4. Between thana and month. 5. Between thana and year. 6. Between 
month and year. 7. Eesidual. 

The mean variances represented by (1), (4), and (5) should not be significant 
when tested against the residual (7), if the area is to be considered homogeneous. 
If variance (1) is significant, it indicates that the mean incidence of the disease for 
the whole period under consideration differs from place to place to such an extent 
that we cannot attribute these differences solely to random causes. Absence of 
significance for the interactions (4) and (.5)' indicates that there is no significant 
difference between place and place as regards seasonal or' yearly fluctuations, which 
is what we want. Lastly, the mean variances (2), (3), and (6) represent the 
variations of mean monthly or yearly incidences for the area as a whole 'affd the}-, 
therefore, form characteristics of the areadn question. From th&.pOint' of view 
of similarity of the component elements of a homogeneous area;' it is immaterial 
whether they are significant or not. • 


A 
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The results of trivariate analysis of the cholera mortality rates per 10,000 
population_ of a group of three centres in Backergunj district (GolacLippa, 
Patwakhali, and AmtoH) arc shown in Table II : — 


Tablk II. 


Results of the trivariate analysis of variance. 



\ 

1 Degrees of 
[ froedonu 

1 

J 

j Sum of squares. 

Mean squares. 

Source, of variation. 

1 



1. Jreans of montlis 

1 11 

15,866-3582 

1,442-6689 

2. ]\Ieans of j’cars 

31 

6,017-9694 

' 195-0958 

3. Means of places . . ^ 

' " i 

138-8506 

69-4253 

Interactions. | 

% 

1 


4. Year and months . . j 

341 

23,435-2844 | 

08-7252 

5. Months and place . . j 

22 1 

863-8074 

39-2610 

6. Place and year . . | 

62 ! 

1,017-7970 

10-4161 

7. Residual . . . . ' 

682 i 

6,836-2136 

10-02.38 

Totals 

1 

1,151 j 

51,209-2806 



The mean squares are all significant by the Z-test. Hence these three centres 
cannot be considered to be homogeneous with respect to cholera lUOTtality. 
Similar analyses were carried on several groups of centres and it was found that 
the tests were too rigorous to admit of even three contiguous centres being 
combined. 


At this stage the question of application of Z-test to these data was investigated. 
There are certain theoretical considerations involved in the application of the 
methods outlined above. The assumption is that each mortality rate (see A])peMix 
for contingency table) is a random sample from a separate normally distributee 
infinite population of values and that, while these populations may differ from one 
another with respect to their means, their variances round the respective means 
have the same value. The first question that presents itself is whether lO 
assumption of normality can be supposed to bold good in our case. It has icon 
shown that a certain amount of departure from normality is perrnissible with 
tO'thO' application of Z-test. However, in our case the probability of death 
is generally so small that even when the population (say n) is large—our 
range from about 20,000 to 300,000— or tends to infimty, binomial (p+<j/^ 
approximates more to a Poisson’s than to a normal distribution. 
circumstances, we should expect that if replicate values were avaiiab e 
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mortality rates tlic variation among them would be of the Poisson tj'pe. AYe 
have no real rc])lieates. "Weekly rates for the same month, year, and place are 
the best data we ean think of. 

If the cell populations sampled were normallj" distributed the means and 
standard deviations of successive samples shoidd not show any significant correla- 
tion. Weekly figures for certain places were available from 1930 onwards. The 
correlations between mean and standard deviation were calculated for a number 
of centres and tliey were in all cases significant. 

If the assumption is made that the distributions of the populations sampled 
are likely to appro.vimatc to Poisson’s, then transformation of the data by taking 
their square roots should suffice to meet the case. Tliis was tried but the correla- 
tion co-effieients remained aobve the significance level. Cube-root and even 
tenth-root transformations failed to bring the correlations below significance level. 
Trigonometric transformation, however, brought it down practically to zero but 
the transformed data gave a wrong intcqirctation to the original figures because 
after transformation high values of the latter gave zero or even negative values 
and vice versa. 

Thc.se considerations suggest the inapplicability of the Z-test and raise the 
question of a modification of this method, which could be applicable to these types 
of data. 

Por our purpose the procedure followed was to work out the contributions 
to total variance of each of the sources of variation. In the group already 
mentioned the contributions were as given in Table III : — 


Taule III. 


Percentage contribution for each source of variation. 



Percentage contribution. 

(1) Mouth 

(1,442-6689— 10 0238)/!)6 = 14-9234 

29-115 

(2) Year 

{ 195-0958— 10-0238)/36 = 5-1408 

10-030 

(3) Place 

( 69-4253— 10-0238)'384 = 0-1547 

0-302 

(4) Month and year 

( 68-7252— 10-0238) '3 = 19-5671 

38-175 

(5) Month and place 

( 39-2640— 10-02.38)'32 = 0-9138 

1-783 

(6) Year and place 

( 16-4161— 10-0238)/12 = 0-5327 

1-039 

(7) Residual . . 

10-0238 

19-556 


Total . . 51-2563 
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Tlie last column shows the percentage contribution of each source. If the 
contribution from any one of the sources (3), (5), and (G), was more than 6 per cent 
of the total variance then the places were considered signifieantly different from 
each other. Although the method lacks theoretical justification it provides us 
with an objective test for establishing heterogeneity in epidemiological investi- 
gations. A)^e used this method for combining places in a number of cases. Although 
by the Z-test the combined areas always showed heterogeneity amongst their 
component elements, means and standard deviations of month, years, and 
residuals did not exhibit any appreciable divergence from place to place in the 
homogeneous groups evolved by the method described above, as may be seen from 
the figures given in Table IV which relate to the group analysed in Table III : — 


Table IV. 


Place. ' 

1 

[ Mean mortality j 
per 10,000. 

Seasonal standard 
deviation. 

Yearly standard 
deviation. 

Residual standard 
deviation. 

AinLoli . . . . 1 

1 

1 

2-44 

3-62 

1-Si 

1 

1 

5*86 

Patwakhali 

3-27 

3-61 

2-16 

5*59 

1 

Golachippa 

1 

[ 3-02 

1 

4-32 

1-88 

1 

4*84 
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Tho conlin^encn shed of monthly cholera mortality rales j)cr 10,000 for Amloli thana, Buckcryunj ilislrid. 
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1. Hypodermic Syringes and Needles (Record, All-glass, Tuberculin. 

" VIM ACUFIRM, KRUPP, NIROSTA, etc.). 

2. Entomological Pins (all sizes), (Taylor’s, nickel, double pointed, etc.). 

3. Electric Sterilizer and Oil Bath (very convenient tor the practitioner). 

4. Rare Organic and Inorganic Chemicals (as may be required for 

research work, and not available elsewhere). 

5. PYREX Glassware (large stock of all laboratory requirements). 

6. CHLOROTEX APPARATUS (B.D.H.). 

7. CAPILLATOR OUTFIT (B.D.H.). 

8. VITAMIN-FREE DIET and such like special preparations are stocked 

by us. 

9. SOAP Dispensers (indispensable for the laboratory and the toilet 

room). 
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C-37 & 38, College Street Market 
" Science " Block, Calcutta 

Telegrams : " Bitisynd ”, Calcutta. Telephone : Burrabazar 524. 
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Bruce White (1935) brought about the transformation of vibrio strains from 
the smooth to the rough state, and sent some of them to this laboratory for 
examination. His method consisted of the exposure of young smooth cultures to 
their homologous activated antisera. Most of the organisms were lysed by this 
treatment, but among the survivors there was a considerable proportion of the 
rough type, and these were found to be stable on plating. By the further 
treatment of such ‘ R ’ colonies with activated anti-‘ R ’ sera, races designa;ted 
as p types were obtained, and these in turn showed greatly reduced agglutinability 
with the anti-‘ R ’ sera. The ‘ R ’ strains were serologically more generalized than 
the ‘ S ’ strains, in that serological differences between the latter were found to 
have disappeared. 

It was of interest to examine these strains to determine possible differences 
between the ‘ S ’ and ‘ R ’ homologues with respect to chemical structure, electro- 
phoresis, and metabolism. The methods, in each instance, were the same as' those 
previously described (Linton, Mitra and Shrivastava, 1934 ; Linton, Mitra and Seal, 
1936a and b ; Linton, Mitra and Mullick, 1936a and 6). 

In Table I are given the results of a study of chemical structure and metabolism 
of 26 strains (including the ‘R ’ derivatives in seven cases and the p derivative in one 
case) obtained from Bruce White, together with seven strains which we had obtained 
from different sources in India. The sources of these strains correspond, as usual 
J, MR ( 329 ) ’ 7 ’ 
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Mr. Bruce White was not sure of the stability of roughness of this strain. 
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witli tlieir cliemical structure. Case strains belong to groups I, II, and VI and water 
and carrier strains to groups III, IV, and V. The former groups possess protein 
I and the latter protein II. As in our previous work, the group VI strains are 
old case strains, the difference between this group and groups I and II lying 
in the polysaccharide. Freshly isolated case strains, in our experience, always 
belong to group I or II (Linton, Shrivastava, Seal and Mookerji, 1938). 

In their metabolism, the strains correspond exactly to their chemical structure, 
and indicate again the close connection between these two characteristics of the 
organism. The figures for the ranges of each group have been given in detail in- 
two previous publications (Linton, Mitra and Mullick, 1936o and b). 

In regard to the original and derived strains of Bruee White, several points of 
interest are apparent. In the first place, the method which he has used to bring 
about roughening has at the same time been accompanied by a change in chemical 
structure. In each Case this has led to the derived strain now falling into group IV, 
and possessing protein II and polysaccharide I. At the same time, as we have 
found previously, the metabolism of the derivatives changes, and becomes the 
same as that of all previous group IV strains we have studied. In the case of 
group IV strains of our present study this change is especially striking, since it 
involves the practical disappearance of aerobic glycolysis, which drops from an 
average of 7-3 mm. CO 2 to 0‘2mm. Respiration, as we have previously shown, 
has the same range in group IV as in group I strains. 

Certain of the strains received from Bruce AVhite have also been studied on the 
basis of their potentials as shown by electrophoresis. The results are given m 
Table II. In each case, the change brought about by the treatment with serum 
has led to an increased surface potential in the rough survivors. And it is 
interesting to note that electrophoretically the orgam’sms which are quite distinct 
from one another in the ‘ S ’-state are often similar or identical in the ‘ R ’-state. 
This is perhaps the underlying factor to account for the observation of Bruce 
White who found ‘ R ’-strains serologically more generalized than the ‘ S -strains. 
In the case of Shillong 1077, the p strain showed an even higher surface potential 
than the rough homologue and was very much higher than the original smooth 
strain. 


Table II. 


Potential differences in millivolts of vibrios at different concentrations 

of sodium chloride. 


Strains. 

Linton’s 

chemical 

group. 

Concentrations of sodium 

CHLORIDE. 


0-0093]Sr. 

1 

0-0187N. 

0-037N. 

1 

0-075N. 

0-15N. 

Inaba 

I 

-29-91 

—23-70 

-17-55 

-10-57 

_ 4-81 

Inaba R 

IV 

-36-94 

-29-81 

-23-04 

-lQ-82 

-10-01 

Shillong 1077 

I ^ 

-28-86 

-22-52 

-16-12 

-10-4 

— 3-9 
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Table II — concld. 


Strnins, ! 

Linton’s 

chemical 

group. 

1 

Cokoektratioks of sommi 

OULOMDE. 


0-0093N. 

0-0187N. 

0-037N. 

0-076N. 

0-15N. 

Shillong 1077 R .. j 

IV 1 

-34-50 

-28-24 ! 

-22-OS ' 

-16-96 

-10-36 

Shillong 1077 p . . | 

1 

IV 

-.30-92 

-30-08 

-24-90 

-18-59 

-12-87 

Kasauli 11 ! 

i I ' 

-22-8 

-18-04 , 

-13-22 

-7-8 ; 

- 3-9 

*Knsanli ll U 

* IV i 

I -26-03 ; 

22*32 

-18-24 

-24-3 

-10-4 

Kasauli 92/1 .. j 

I 

-30-03 j 

-25-02 j 

-20-76 

1 

-15-6 

-10-00 

Kasauli 92/1 R . . 

1 

1 -30-40 

1 1 

-30-20 

i 

1 -24-22 

-18-2 

! -12-04 

Nanking 32/77 . . 

! I 

-20-00 

-21-90 ] 

1 -17-78 

-13-52 

- 9-1 

Nanking 32/77 R | 

IV 

-30-00 

-29-41 j 

-23-14 

-17-03 

-10-00 

Nanking 32/101 . . 

' IV -t- V 

-24-05 

1 -19-91 1 

-15-02 

1 -10-4 

- 5-2 

Nanking 32/101 R * 

IV 

( -30-24 

-29-38 1 

-23-82 

-18-04 

-11-05 

Nanking 32/110 .. '' 

IV + V 

-23-06 

-19-85 

-16-00 

-11-96 

- 8-19 

Nanking 32/110 R 

* IV ! 

1 

j -36-40 

I -30-02 

-23-84 

-18-24 

-12-0 


*Mr. Bruco White was not sure of the stability of roughness of this strain. 


Discussion. 

The above results are similar to those previously obtained by Linton, Mitra 
and Seal (1936c) and show that the roughening obtained by Bruce "ViTiite brings 
about the same results as we obtained by treating the organisms by other methods. 
This same fact is indicated as well in the metabolism and chemical groupings. The 
changes whether brought about by treatment with antiserum or by passage through 
various media are the same. Furthermore, the electrophoretic data give a quanti- 
tative measure of the degree of roughness, and strains can be more advantageously 
compared by this method than by agglutination reaction. 

The changes in the potential will account in part for the differences in agglu- 
tination observed by Bruce White and also for the more generalized serological 
behaviour of the ‘ E ’-strains. When to them is added the fact that chemical 
structure and metabolism are also different it is apparent that the strains have 
become so distinct that the agglutination reaction would be expected to be 
changed. 


Summary. 

The chemcal structure and metabolic activity of the vibrio strains received 
from Bruce White and others are closely correlated and changes in chemical struc- 
ture are accompanied by changes in metabolism. This confirms our previous findings 
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Also, the serological changes brought about by treatment with antiserum or by 
other processes follow changes in chemical structure, metabolism, and surface 
potential. A shift in the latter is the cause of serological distinction of the 
‘ R ’-derivatives from their ‘ S ’-homologues and partly accounts for the 
uniformity of serological behaviour of the rough vibrio strains in general. 
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Introduction. 

Meningococcus bacteriophage was accidentally discovered in this laboratory, 
along vith the growth of meningococcus in the solid medium in the course of 
cultural examination of the cerebro-spinal fluid from a case of meningitis. The 
routine method of culture in this laboratory is to take the cerebro-spinal fluid 
directly into ordinar}' agar and blood agar, at least 5 c.c., for each medium, and 
to transfer the growth obtained in either, daily, for a week, to ordinary agar as 
well as to blood agar, to note if there is any growth in ordinary agar in secondary 
sub-culture (Sen, 1938). The organism isolated from this case (strain 186) 
was a non-pigmented Gram-negative diplococcus, negative to all sugars general^ 
used for the identification of the genus Neisseria, before as well as after passage and 
was non-agglutinahle by standard type serum, supplied by Standards Laboratory, 
Oxford. This description agrees with that of 6-A group of atypical meningococcus 
(Sen, 1935, 1936a, 1938). Along with the growth of meningococcus, ‘ plaques ’ 
of ’phage or in the words of Asheshov (1933) ‘ clearings ’ were observed in the 
solid medium. Some ’phage broth was poured on to the medium showing the 
plaques of ’phage and the growth of meningococcus. The whole growth was 
emulsified in the ’phage broth and kept in the incubator for 24 hours with the idea 
that if it were actually ’phage it would grow at the expense of the corresponding 
organism in this medium. The whole mixture was then filtered through an 
candle. ® 

Next day two tubes containing ’phage broth medium were taken and inoculated 
with strain 186. Into one of these, one c.c. of the above filtrate was added the 
other being kept as the control, and both tubes were introduced into the incubator 


‘Read at the Medical and Veterinary Research Section of the Silver Jubilee Session of the Indi 
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There was no visible lysis in the filtrate-added tube after 24 hours’ incubation ; 
it remained as turbid as the control. The filtrate-added culture tube was again 
candle-filtered and the filtrate tested in the above way. Until the fourth transfer 
there was no apparent change in the filtrate-added culture tube. But on the 
fifth transfer, there appeared definite lysis as compared with the control. All 
the meningococcus strains so far isolated in this laboratory (typical as well as 
atj^ical) were then tested in the same manner but the filtrate was found to 
have no lytic effect against any of them except strain 186. The conclusion 
draivn was that the Jiltrate contained bacteriophage against strain 186 and 
against no other strain of meningococcus. 


Medium used for passage of the ’phage. 


Papain digest broth with 0-3 per cent dextrose and 0'5 per cent sodium 
chloride was first tried for passage of the ’phage, but the growth of meningococcus 
was not found to be satisfactory in this medium. 

The ordinary nutrient broth (using heart muscle instead of meat maceration) 
containing pepitone 2 per cent, dextrose 0‘3 per cent, and sodium chloride 0‘5 per 
cent was found more suitable and the growth of the meningococcus was much 
more abundant than in the former case. After repeated daily passages through 
some of the locally isolated tj^ical meningococcus showing growth in this medium 
and through all of the atypical meningococcus including the red and yellow 
pigmented ones (Sen, 19366, 1938), for a period of three months, many of them 
were found to be lysable by the newly isolated ’phage. Foreign strains of menin- 
gococcus received through the courtesy of Dr. A. B. Wadsworth and Neisseria 
flavescens strains received through the courtesy of Dr. Sara Branham (1930) were 
subsequently added to the list of strains for passage. Meningococcus strains 
received from Dr. Wadsworth as well as some of the locally isolated typical 
meningococci (as noted above) did not grow in this medium though Neisseria 
flavescens grew well. 

The medium was then enriched by adding 0’5 per cent sterile normal horse 
serum. All the strains which failed to grow previously showed good growth m 
this enriched medium. 


It was doubtful whether this ’phage would continue to grow in a medium 
containing serum, as it has frequently been reported by other observers that serum 
and other tissue fluids have the power of adsorption of bacteriophage. This is 
one of the reasons why parenteral introduction of bacteriophage, particularly inside 
the blood vessels, is thought to be undesirable and useless. Two sets were, there- 
fore, maintained separately ; one set consisting of foreign and some of the Joca y 
isolated typical strains (growing only in enriched medium) in ’phage broth con- 
taining serum, and the other set comprising the rest of the locally isolated tjqnca 
(easv growing) and atypical 6-A meningococcus — ^which is the common finding m 
Calcutta epidemic— in ’phage broth only. After repeated passages it was toun 
that the virulence of the ’phage, as determined by its power of lysis, had , 

increase in both sets of cultures, so that the idea of the ’phage being mac i 
in the presence of serum was proved to be groundless. 
stUl, however, being maintained. In the meantime, the search tor a ® 
medium was continued,' a medium containing no serum but 
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for tlic growtli of ‘phage, as well as for both t}'pical and atj^pical strains of menin- 
gococcus, the addition of serum resulting in the increase of the protein content of 
the medium. 

It was found that only 12 hours were required for the production of complete 
lysis when four drops of ’phage were added to 8-c.c. cultures in broth tubes. The 
first lot of meningococcus bacteriophage (lot No. 1) was prepared in 500-c.c. flasks 
(one flask for each lysable strain) containing 250 c.c. phage-broth with serum, 0'3 
per cent glucose, and 0"5 per cent salt, against all the strains which had been found 
lysable, and the ’phage thus prepared was put up in ampoules. The ampoules 
were tested for the presence of scrum by the heat test as well as by Heller’s cold 
nitric acid ring test, both tests giving positive results. All the ’phage ampoules 
were kept in the ice-chest at a temperature between 5°C. and 10°C. 

After lot No. 1 was prepared, the search for a special medium proved success- 
ful and all subsequent lots were prepared with this new medium, which is prepared 
as follows : — 

The following ingredients are added to a heart-muscle macerate and the pH 
is adjusted to 7-8 : — 

Per cent. 


Bactopeptone . . . . 0-2 

Sodium chloride . . , . 0-5 

Dextrose . . , . O-l 

Maltose . . . . OT 

Agar-agar . . . . 0‘01 


The medium is distributed in test-tubes in approximately 4i c.c. amounts. 
One small piece of coagulated white of egg is added to each test-tube, and the tubes 
are autoclaved at 10-lb. pressure for half an hour when the final pH is from 7-4 
to 7-6. 

Mode of passage. 

At first the mode of operation was to fill racks with ’phage-broth medium 
in test-tubes containing approximately equal quantities, two tubes being inoculated 
with each strain. Immediately after the inoculation, c.c. ’phage was added to 
one of the two tubes for each strain, the other tube remaining as the control. This 
method was later considered defective, because ’phage does not multiply well 
unless it is in contact with young growing cultures. The mode of operation was 
therefore, changed slightly. Instead of the ’phage being added to the tubes 
immediately after inoculation, the rack of broth tubes after inoculation was kept 
in the incubator for three hours and ’phage was then added to alternate tubes con- 
taining young cultures. 

After daily passage for a few months, the ’phage was found to increase in 
virulence, complete lysis being then obtained within eight hours bj^ the addition 
of only one drop of ’phage. 

Apparent disappearance and reappearance op ’phage. 

_ Suddenly after two months of regular passaging the ’phage was found to be 
missing, that is to say, the filtrate was not able to lyse any of the hitherto lysable 
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strains. Fortunate^ the ampoules of lot Xo. 1 prepared two months before and 
kept in the ice-chest were still available for testing. One of the ampoules (from 
lot No. 1) was tested for the presence of ’phage. There was, however, no detectable 
lysis after 12 hours. It was argued that the organisms might have been lysed very 
quiclvly and that the completely clarified tubes (after ’phage action) might have 
again become timbid owing to tlie appearance of secondary growth. Hence the 
racks were examined every hour after the addition of ’phage, to determine whether 
complete lysis could be seen at any time, and, if so, if it were followed by the 
appearance of secondary growth. As no incubator was available under the 
circumstances the racks had to be kept at room temperature (25°C. to 30“C.). The 
result was complete lysis within four hours, no secondary growth being noticed at 
any time. This experiment was repeated by Dr. Guha and hir. Acharya, of this 
laboratory, and by the author independently, when advantage was taken of the 
incubator. The result was again found to be unsatisfactory, that is, there was 
no lysis in any case. Then it was thought that the room temperature was perhaps 
more suitable than the incubator temperature for the multiplication of the ’phage 
in this particular case (meningophage). The experiment was then repeated in the 
laboratorj'- but at room temperature, and this time, with complete success. , 

It ajjpears, therefore, that the meningococcus bacteriophage acts on meningococcus 
better at room temperature, i.e., between 25°C. and 30°G., than in the incubator 
at 37°C. 

Effect of tesiperatube on meningophage. 

The next experiment was then undertaken to study the effect of temperatures 
lower than room temperature. Two only of the lysable strams were taken up. 
All the inoculated tubes were incubated for four hours to ensure uniform growth of 
the young culture. The results are shown in Table I : — 


Table I. 


1 

strain 

number. 

1 

Result j 
rend 

1 after | 

' 1 

Ice-chest, 

6°C. to 10°C. 1 

1 

Anti-chamber, 
16°C. to 20'’O. 

Boom tempera- 
ture, 25°C. 
to 30°C. 

Incubator, 

37'C. 

Remarks. 

P 154 1 

1 24 hours 
48 „ 

+ + + 

+ + + i 

1 

+ + + , 

+ + + 1 

+ + + 


Control tubes 
showing vig- 
orous growth. 

r i 

P 200 1 

1 

24 „ 

48 „ 

+ + + 

+ + + 

+ + + 

; +++ 

1 

+ + + 

+ + + 

± — 

•• 


The emulsion and ’phage were hept together in the temperatures noted above. 


]^ole. The following nomenclature is followed in all the tables : 

full and rigorous growth of organism. _ 

j slight difference from the control tube, showing btUe, it 

-I definite difference from the control tube, showing the onset ot Jjsi., 

^ + _ definite I}'sis but a slight amount of haziness still present, 
complete lysis, showing clear sparkling fluid. 
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The result is practically the same in both cases. 

I( oppmr.s, ihaefore, (hat the development of meningocoecus haeleriophage is very 
much ininbited at incubation temperature but it remains alive and grows in tempera- 
tures lower than 37°C. Whether the 'phage dies at that temperature or at a higher 
temperature remains now to be seen. 

Thkumai. death point of meningococcus bacteeiophage. 

The 'phage ampoules of lot No. 1 kept about six months in the ice-chest were 
then subjected to various temperatures — ^lialf-an-hour’s exposure in each case. The 
subsequent tests for ‘phage action gave the results shown in Table II ; — 


T.tVBLE II. 


Tempcrnlurc, °C. 

Strain 
r 1.54. 

Strain 

1' 200. 

Strain 

10. 

strain 

508. 

Strain 
NF 156. 

Remaeks. 

5 to 10 
(ice- cheat) 

1 -f -t 

•f 

+ + + 

+ + + 

-f-f- 

• • 

16 to 20 
(anti-chamber) 

1 -f -t -f 

“h "i — 

+ + + 

■f -f- -f 

4* 4" 4" 

• • 

25 to 30 

(room temperature) 

} + + -)- 

+ + - 

+ + + 

-h-f-h 

+-f-t 


37 

(incubator) 

} + + 

-h-r- 

-f- 

+ + - 

+++ 

• • 

45 

-t--h-t- 


+ + 4“ 

+ 4 — 

-f-f- 

. . 

50 

-t-h-f 

— 


— 

— 

1 Result seems to vary 







1- with different 

5o 

GO 

75 



-l 

— 


J strains. 

100 

120 

— 

— 


— 




See notes nnder Table I. 


It appears that meningoeoeeus bacteriophage is destroyed at and above 60°C. and 
is inactivated in the case of some strains at temperatures behveen 45°C. and 55°C. The 
best action seems to be obtained by keeping it at a temperature of 37°C. or lower. 

’Phage was then kept at incubator temperature (37°C.) for 48 hours and its 
action then tested against the same two strains P 154 and P 200, the roixtures 
and controls being kept respectively at temperatures of 5°C. to lo'°C. (ice-chestl 
(anti-chamber of the ice-chest), 25°C. to 30°C. (room temperature) 
and 37 C. (incubator) (see Table III). ’ 
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Table III. 


Strains. 

i 

Result 
read 
> after 

I 

Control as well as ’PEAaE added tubes aee 

KEPT IN — 

Remarks. 

1 

Ice-chest, 

' 5°C. to 10°C. 

Anti-chaniher, 
15°C. to 20‘’C. 

Room tempera- 
ture, 25°C. 
to 30°C. 

Incubator, 

37“C, 

r 

^ 24 hours 

+ + + 

1 

+ + + I 

+ + + 


Control tubes in 

P 154 \ 

1 





each case had 

1 

48 „ 

-f-f + 

+ + + 

+ + + 

* 

shown vig- 







orous growth 

f 

'24 „ , 

+ + + 

+ + 

+ + + 

+ 

after 24 and 

P 200 \ 

i 





48 hours. 

\ 

! 48 „ 

1 

+ + + 

+ + + 

+ + + 

* 



iS'ee notes under Table I. * Read below. 


Wlietlier tlie ’pliage remained alive in contact with the corresponding organism 
in the incnbator for 48 llours, was next to be determined. The ’phage added 
culture tubes kept at incubator temperature for 48 hours which showed no lysis 
(i.e., the tubes marked with * in Table III) were then taken out and filtered and 
the same experiment was repeated with this filtrate, with identical results as those 
in Table III proving that the meningococcus bacteriophage, though it becomes 
inactivated at incubator temperature in contact with the corresponding organism, 
actually remains alive even after 48 hours and can be reactivated at lower 
temperatures. 

The failure of the meningococcus ’phage to produce detectable lysis at incubator 
temperature appears to be due to the fact that the rate of growth of the meningococcus 
’phage is verij much slower than that of the corresponding organism at this temperature 
and as such its action is not visible, though the ’phage remains alive and- active. 


Lysability op the different strains by meningococcus ’phage 

IN different dilutions. 

The power of lysis by the meningococcus ’phage in different dilutions, against 
all the lysable strains, was next tested in the usual way. 

Bach strain was inoculated into 12 tubes of ’phage broth medmm in 
imately equal quantities and kept in the incubator for six hours. Two drops i 
each dilmion (lO-^ to IQ-^) of ’phage were then added to 10 of these 
tubes in series, two drops from the original ’phage was added-to the 11th 
tube and one inoculated tube was kept as control (strain ^Lptin 

eleven inoculated tubes after addition of ’phage as well as the 
the room temperature and the result of ’phage action noted after 18 hours i 

B^^pears that the lysability of the strain 
but there are some amongst the lysable strains ^ f become 

quickly. The ’phage originally active only against an atypical st < 
active on strains of recognized serological types. 









PlIAOn DILUTIONS, 


B. B 



See notes under Table I. 

These are serologically typical locally isolated strains of meningococcus. 























344 


Studies on Meningococcus Bacteriojjlmge. 


5. Out of tliirteen lysable strains studied, two drops meningococcus ’phage 
have been found to iyse different strains completely in the following dilutions, 
viz., three strains in 1 in 1,000,000, three strains in 1 in 100,000, five strains in 1 
in 10,000, six strains in 1 in 1,000, nine strains in 1 in 100, and all strains in 1 in 10. 

6. Clinical results, however, tend to show that, in vivo, the meningococcus 
’phage can grow and produce its effects when administered intravenously although 
subjected to temperatures at or above body temperature. 
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After liis preliminary discovorj' that flocculation occurs in a mixture of 
diphtheria toxin and antitoxin, Ramon (1922) introduced the method of standard- 
ization of 'diphtheria antitoxin iu vHro, by mixing diflerent dilutions of antitoxic 
serum with coiustant amounts of toxin and noting which tube m such a series first 
showed flocculation. Further work, confirmatory or contradictory, was directed 
towards the practical aspect of the problem, namely, whether the results of in 
vitro and in vivo tests were the same. Dean and Webb (1926) working with horse 
serum and anti-horse rabbit serum introduced another method for comparing the 
‘ concentration ’ of antibody in different samples of anti-horse rabbit serum, where 
they used constant amounts of antibody and varying dilutions of antigen. They 
noted that the mixture showing the earliest flocculation did actually correspond to 
chemically equivalent amounts of antigen and antibod)’’ and the supernatant 
contained neither free antigen nor free antibody, showing that all of these had 
united with the formation of floccules. Hence their method was to ascertain 
the constant antibody optimal ratio. In comparison, Ramon’s method was finding 
the constant antigen optimal ratio. 

The work of Dean and Webb raised the question whether constant antigen 
optimal ratio and constant antibody optimal ratio corresponded with one another in 
all the systems and, if not, which of the ratios represented complete neutralization. 
Taylor (1933), Duncan (1932), and some other workers working with different 
systems, found that the two optimal ratios differed from one another to varying 
extents, and Duncan noted that the constant antigen optimal ratio corresponded 
to a mixture that contained a gross excess of antibody. 

Those works naturally raised doubts about the accuracy of the method in the 
standardization of antitoxin, which required finding, firstly, the constant antibody 
optimal ratio, using constant amounts of standard antitoxin and varying amounts 
of test toxin ; and, secondly, the constant antigen optimal ratio, usin" constant 
amounts of toxin containing certain doses as determined from the first procedure, 
and varying dilutions of unknown serum. If the two optimal ratios differed from 
one another, then the deductions based on them also became inaccurate. However 
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the work of Miles (1933) showed that in the case of di])]itlieria toxin and antitoxin 
mixtures the two optimal ratios dih’ered only very slightly. A number of workois 
also agreed that_ the results of in vitro and in vivo tests corresponded with 
one another quite closely and the metliod gained wide acceptance in the 
standardization of diphtheria antitoxin. 

_ However, the application of the method in the standardization of tetanus anti- 
toxin is not yet established beyond all controversy. Eamon and Descomby (]92()) 
used the flocculation method for determining the potency of tetanus toxin and they 
claimed the same good result as in the case of diphtheria toxin, but only provided 
the serum used for the titration of tetanus toxin was 'Jiighly suitable Aht and 
Erber (1926) applied the same technique, as used for the titration of diphtheria anti- 
toxin, to the standardization of antitetanic scrum. They found that the results of 
in vitro and in vivo tests did not coiTcspond in all cases : nor in many cases did the 
serum flocculate regularly. Schmidt (1928) also corroborated the findings of .Ibl. 
and Erber and noted that, in certain cases, there were two or more zones of initial 
flocculation which complicated the interpretation of the result. 

Recently, Ramon, Lemeta 3 ’’er and Richou (1937) compared the antigenic power 
of tetanus toxin determined by the flocculation method, with its combining power 
and toxicity determined bj^ animal experiment, and they found equivalent results 
in almost all cases. Ramon (1937), in another paper, also reported good results in 
the flocculation of a mixture of a recent and highly active filtrate of broth culture 
of Cl. ielani and a convenient corresponding antitoxin, and he believed that the mix- 
ture showing the ‘ flocculation initiale ’ represented tlie perfectly neutral mixture 
of toxin and antitoxin. He concluded that his ‘ flocculation initiale '' method had 
precisely the same significance in the case of tetanus toxin and antitoxin mixture, 
as it had in the case of diphtheria toxin and antitoxin mixtures. In a recent paper, 
Grhosh and Ray (1937) reported that the potency of concentrated tetanus antitoxin 
determined by the flocculation test agreed well with that determined bA’ experiment 
in vivo. 

All these divergent reports about the practical utility of the test in the stan- 
dardization of tetanus antitoxin naturally raises the question whether tlic 
flocculation method is at least theoreticallj’- sound in this particular case or not. 
The present series of experiments haAm been undertaken on this point. 


Experimental. 

The nature of the mechanism of the flocculation of a mixture of tetanus toxin 
and antitoxin was studied from three different aspects:— 

(i) The uniformity or otherwise in the rapidity of flocculation. 

(ii) The relation of the constant antibody to the constant antigen optimum 

proportions. 

{Hi) Whether the mixture shoAving first_ flocculation represented the eqni- 
Amlent proportions of toxin and antitoxin or not. 

The technique common to all the experiments was as follows : 

The sera used for the experiments Avere a mixture of samples collected from a 
number of horses (about 20 on the average) to mnimize the effect of mdiAudual vai la- 
tions They were collected the day before the experiment commenced, stoied a 
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O'C. to 2'’C. overnight and centrifuged before use 1o remove any suspended R. B. Cs. 
Tlieir litre was determined 1)V animal experiment simultaneo\isly. The average 
litre was about TOO International Units per c.e. 

The toxins used were also a mixture of several samples of veal-pcptonc-ln-oth 
cultures of CL tdani. grown at STT. for 10 days and filtered through Aeitz pads just 
before use. The lethal dose was on the average 1 '20.000 c.e. for a guinea-pig of 
3ij() g. weight, in 1 day.s ; tlie jill was about 7‘2. 

The mixtures were ])ut in 'I'-inch tidies in a water-bath at 40°C., so thiat 
two-thirds of the mixtures remained below the water level and one-third outside, 
in order to facilitate the constant agitation of the mixtures liy the convection 
current. 

The flocculation was observed in a box with a black background and meehani.sm 
for oblir|uc illumination, whi're all the stages— commencing with slight to distinct 
opalc.scence and the foimation of minute Hoccnles moving witli the convection cur- 
rent (if the reaction did not stoji at the limit of o]>alescence only) and ending in the 
formation of cotton-wool-iike flakes — could lie followetl di.stinctly. The formation 
of distinct ojialesccnci' was talccn as the end-]ioint, as in some experiments floccnles 
did not form at all. 

IMierc more than ('iglit hours' inculiation wa.s neccssaiy, the mixtures were put 
in the ice-chest at O'^C. to 2°C. overnight and incubated again next day. The 
experiments were concluded after a total of 15 lioiirs' incubation in the water- 
bath. after which no further reading was taken. 

1 . The iiuifonniltj or olhcnvi^c in Ihc rapUJitij of JJuccuhtlion of i)no:lures of 
trlanun toxin and antitoxin in varying proportions. 

To 2(1 tubes, each containing 10 c.e. of toxin broth. UO c.e. to O'OOS c.c. of 
anti-serum was added successively and the total volume in each tube ivas made 
up to 11 c.c. with normal saline. The tubes ivere then placed in the water-bath 
and the time taken for the occurrence of distinct opalescence in each tube was 
noted. The result is shown in Table I : — 


Table I. 


Tube 

number. 

Amount in c.c. of 
serum added to 
10 c.c. toxin. 

1 

1-0 

2 

0-9 

3 

‘ OS 

4 

i 

r< 

0'6 

(i ! 

0-.5 

7 

0-4 

S 

0-.3 

0 

0-2 

10 

0-1 


Time in houia. 


Tube 

number. 


Amount in c.c. of 
Bemm added to 
10 c.c. toxin. 


Time in hours. 


14 

10 

8 

<) 

11 

S 


11 


12 


13 


14 


Ifi 


16 

0-04 

17 


18 


19 

0-01 

20 

O'OOS 


!) 

7 

U 

10.1 

11 ' 

12 

12 ,'. 

Ul 
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Hence the ratio of the coiistimt antibod}’’ to tlje constant antigen optiniinu 
proportion was ] -8. T])c ratio determined from the data of tJic previous series was 
practically the same, viz., 1 -9. 

1 11. lYItelher the /idxlnre sliowiitg carlieftt floccidalioii represented the 
vqmvalenl proportion of the toxin and antitoxin or not. 

This could only be determined by finding wdiether all the toxin and antitoxin 
molecules had been carried down with the floccules, or .some of either or hoih was 
left behind in the .supernatant. Hence the procedure consisted in centrifuging clown 
the coarse floccules and examining the clear supernatant for the presence V free 
toxin and antitoxin. But the technical dilflcultv arose in the detection of free 
toxin. This could be done firstly by animal experiment to demoinstrate toxicity, 
and secondly by its flocculation witli antitoxin. The first procedure wa.s useless 
as prolonged incubation at 45°C.. in the presence of air. diminished the toxicity to 
such an extent as to render its detection, when present in .small amounts, 
impo.ssible. The .second procedure was also of no use, as the range of flocciilability 
of the toxin-and antitoxin was so narroxv as to render impossible the detection of' 
small amounts left in the vsupernatant in a .state of high dilution. So, the only 
thing that could he done without rccour.se to special technique, was to detect tlie 
pre.scnce of free antitoxin in the .supernatant, by animal experiment. 

For this puipo.se, 1 c.o. of tlio supoinatanis of the (ontrifuficd flocculated 
mixtures repre.senting the constant antibody and the constant antigen optimum 
proportions rcfspectively, a.s detennined in the previous experiments. va.s mixed with 
1 c c. of toxin ccuitaining oue dose, incubated at 37°C. for 30 minute.s, and the 
whole amount was injected snbciitaneou.sly in two guinea-pigs of 350 g. rveight, for 
each supernatant. The re.^ult is given in Table IV; — 


Taule IV. 

Guinea-pig 

number. 

Xaliire of inociiluin. 

11 esult. 

1 

j Supernatant ' of constant antibody 
optimal tube -)- one dose of 

toxin. 

Living .after 
four days. 

2 ' 

1 

Do. 

Do. 

i 

Sujrcrnatant of constant antigen 
optimal tube + one dose of 

toxin. 

■ Do. 

4 

Do. 

Do. 


The result ol tiirs expernnent was very sryiKing. _ 
tioii of the constant antigen optimum proportion, xvhich required abou ^ 
amount of antibocty as required for the constant antibody optimum j J 
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tlic result of the titration of the supernatant of the constant antibody optiinum 
])roportion mixture was definite. As the sample of scrum used for the experiment 
contained about 700 I. U. per c.c., the original content of each c.c. of the mature 
showing constant antibody optimum proportion was about 22’5 I. U., of which at 
least one I. U. was left behind after flocculation. Hence at least 1/22-5 pait of 
antitoxin did not enter into the composition of the floccxdes. 


Dl.SCUS.sjOX. 

The eonelusions Ijascd on the results of the experiments do not speak highly 
for the theoretical accuracy of the tost in the standardization of tetanus antitoxin. 
Tljis can possibly be exjilained Iry the assumption that the toxin used for the pro- 
duction of antibody and m carrying out the ?'» tiiro tc.sts is very highlj’ complex. 
It i*^ po.'-sibly a mixture of a number of antigens producing var)'ing t}-pes of antibodies 
ro a varying degree, together with the tetanus antitoxin. The reaction in vitro cf 
these multiple antigens with varying amounts of multiple antibodies as also other 
non-specific proteins in the horse serunt. might be responsible for the discrepancies, 
which are not (rbsetvtd with comparatively simpler antigens and antibodies. 
"Whereas with in liio tests, the prc.sence of only the tetanus toxin and the antitoxin 
ntolecules arc detected, the other antigenic components having no noticeable affinity 
for the animal tissue.'- and the corrc.«ponding antibodies being also useless. 

The antigenic constitution of the diphtheria toxin is perhairs simpler. The 
changes occurring in the broth as a result of the growth of the organisms determine 
the nature of the toxin, and that produced by the growth of 0. di 2 )hlhericE va&y 
possibly be simpler aiitigcnically than the changes produced by the growth of 

01. Uiani. This may explain the comparative accuracy of the method in the 
titration of diphtheria antitoxin. These explanations are hard to prove till the 
toxin can be obtained in a pure state, the corresponding antitoxin be produced with 
it. and the tests repeated with the pure toxin and the corresponding antitoxin. 

As found by many observers this method may be empirically useful when the 
re.sults of the in vitro and the in vivo tests correspond. The results, however, 
frequently fail to corre-spond. e.spccially when there arc more than one zone of initial 
flocculation. Hence this method cannot be fully relied upon, even empirically, for 
the standardization of tetanus antitoxin. 

SUSIJIARY. 

The theoretical accuracy of Kamon’s method of standardization of the tetanus 
antitoxin was investigated. It was found that : — 

1. There was no uniformity in the rapidity of flocculation of mixtures of 
tetanus toxin and antitoxin in varying proportions. 

2. The ratio of the constant antibody to the constant auti<rcu outijiinm 

proportion was about 1-8. ° ^ . 

3. The si.pernatants of the centrifuged flocculated mixtures of the constant 

antibody and the constant antigen optimum proportions showed clear emdence 
of the presence of antitoxin so that those optima did not represent nerfectlv 
neutral points. r 
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The accepted method of bacteriological examination of water to test its purity 
for the purpose of determining its potability is to estimate the number of B. ccU 
present in a given volume. For given sources of supplies standards have 
been, more or less arbitrarily, established to which water must conform before 
it is passed fit for drinking purposes. The usual way of expressing the final 
result is to state the presence or absence of B. coli in 100 c.c , 50 c.c., or 
smaller quantities of water. Till recently the samples of water of quantities 
mentioned above were inoculated in liquid media and the tubes showing 
evidence of fermentation with gas formation were taken to contain B. coli. 
Since, however, a single organism may give the same evidence of fermentation 
as a larger number might do this method was inadequate for quantitative 
estimation It was also fallacious due to the fact that owing to random distri- 
bution of the organisms in the water a smaller quantity of the sample might give a 
positive result while a larger quantity might fail to do so. In any case, there was 
no satisfactory wa}' of eliminating the discordant results even when a number of 
tubes were inoculated with equal quantities of water. Thus, by this method two 
observers testing water &om the same source might get different results and 
pass contradictory judgments on the quality of water. Thresh, Beale and Suck- 
ling (1933) recommended that both the smallest quantity of water from which 
B. coli was isolated and the largest quantity from which it was not should be stated. 
This procedure is also open to the same objections. To make the point clear their 
example may be given : ‘ Thus : supposing a positive result was obtained in the 
1 c.c. tubes anda negative in theO-1 c.c. tubes then thefindingsarerecorded as jB. coli 
present in 1 c.c., absent in Od c.c. or as over 100 but less than 1,000 B. coli per 100 
c.c. of water ’. It may be noted that they have in the above statement suggested 
a method for the assessment of the probable number of bacteria in a unit volume. 
Greenwood and Yule (1917) quote Beveridge and WanhiU (1912) who provide 
another method which consists in taking a number of samples of the same volume 
and calculating the probable number of B. coli from the proportion of tubes oivinn 
positive results. For example, ‘ if 10 tubes each inoculated with 1 c.c. of water 
yield 3 positive and 7 negative results the sample may be considered to contain 

{ 353 ) 
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B. coli in every 3 c.c. of water This metliod, tlic aiitliors said, was onlv a rough 
approximation. It may be noted that Beveridge and Wanhili’s method is an 
advance on otiiers inasmuch as it takes into consideration results of a number 
of identical experiments. It also clearh' brings out the fact that if a given volume 
of water fails to give evidence of the presence of B. eob' it in no wise proves its 
sterility with regard to B. coli. The critici.sm of this method of estimation has 
been expressed in clear terms by the Ilfinistiy of Health (J 934) as follows ; 
‘ parallel tests on the same sample of water may give different results, e.g., the 
smallest quantity giving a positive reaction mav be 10 ml. in the first experiment, 
50 ml. in the second, and ] ml. in the third, whilst a fourth test may give a positive 
reaction in 1ml. and a negative in 10 ml. This .seemingly anomalous behaviour 
is due mainly to the fact that the te.st is one of random .sampling, the positive 
and negative result.s depending o)i tlie chance distribution of viable re;//- remge/a's 
bacteria in tlie water. It had frequently bten the cau.se of differences, both in 
observation and in inieipretation. between diiferejit analy.st.s working on the .same 
water The need therefore arose for the .standardization of the methods and 
the development of the inathematieal theory for thi.s purpose. 

McCrady (1915). Greenwood and Yule (loc. c?V.). Wolman and 'Weaver (19] 7). 
and Stein (1919) have .studied the problem and made importanr contributions 
towards the development of the statistical theory for this purpose. Without 
entering into detailed con.sideration of the method.s devi.sed by them the general 
principle, s on which they ar'c based may be stated as follows : — 

If m be the mean number of organism.s prccsent in a unit volume of water and if 
we take a number of .‘-'amples of unit size then the distribution of these samples with 
regard to the number of organi.-'-m.s contained in each will be as given in Table I 

Tauce I. 

Dislribnlicn of Ihe smnplcH with differoil numbers 
of bacteria. 

1 (• I Proportion of samples of unit 

Anmbcr oi volume containing stated 
bacteria. number of bacteria. 


0 

1 

2 

a 

i 


-JU 


in* 


-m 


nr 


3 ! 


nv' 


X 


e 


m 
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In otlior wouls, tlio frotjuency distiibulion of samples containing 0, J, 

‘2, X, organisms in the nnit volume follows a Poisson's 

series. 

In the report of the Ministry of Health {loe. cii.), it is .stated that the above 
liistvilmtion and the calculations entering in the construction of the tables for 
probable number of organi.sm arc ‘ based in a cpiantitative .sen.se on the 
as.sumption that the smallest quantity of water giving coh'-reaction contained one 
viable bacillus This assumption does not appear to be necessary in formulating 
tlic above frecjuencv distributions. All that is necessary, as Fisher (19.34) has 
said, is to ensure ' that the technique of dilution afforded a perfectly random 
distribution of organisms, and that tlie.se could develop . . . without mutual inter- 
ference 

In recent years tables have been constructed fur the calculation of the 
probable number of oruani.sms which could be estimated from the results of parallel 
tube experiments. The calculations entering into the construction of these tables 
are based on fotmulae devi.sed by Greenwood and Yule (Icc. cit.] as modified bv 
McC'rady (I91b). The ^Ministry of Health have adopted the.se tables for certain 
sets of dilutions for puipose.s of general reference. 

Fi'-her { 1921) in the cour.se of exenqdifying the applicability of his ‘ method 
of maximum likelihood ' has attacked the same problem. He has given formulaj 
for the calculation of the logarithm of the most ],robal)le number and also for the 
('.stimation of the srandaid erior for this logarithm. His work is important in that 
it hupjrlies a jimfcctly general and yet a sinrpler method for the development of 
necessary foimida'. It further differs from the method of approach of Greenwood 
and Yuie in an important respect. These anthers base their formirlaj on the 
assumjrtion of Baye's theorem. Fisher has made no such assumption and he has 
further shown that this assumption in inductive reasonings of this tj'pe mac' some- 
times lead to erroneous conciu.sions. 

Halvorson and Ziegler (1932) have adopted the process .sugoe, steel by 
Fisher and have obtairred practically the same formulae as could Im deduced 
from the expression which Greenwood and Yule ]>ave given. \Ye may 
here poirrt out that the same formula had ahead)- been put'out by Fisher Vn 
1921. Fisher’s formula for tire most probable value of n reduces to the 
form : — 


[ 1 / Vx. e-u.'a^' \T 


( 1 ) 


where ■ a ’ denotes the dilution factor, x the stage of the dilution, v is the number 
of tubes found positive and u^. those found negative when working with the axth 
dilution and ‘ e ’ is the usual exponential base. ‘S’ denotes siiTYiTnn+;^„ 
all the dilutions. Halvorson and Ziegler realized that this eouation Vn 
be solved in general but a solution could be obtained by trial nurl a ^ 
tins , „„aiaed tan. S 

, X for various values of x. 
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Wc may, ])owevor, put this fonmjlm in a slightly different form as follows ; — 



We shall refer to tliis simj)]ification later on. 

As stated previously Fisher (1921) had also provided a method for getting a 
formula for the standard errors of the most probable numbers calculated by the 
above formula. Using Fisher’s method we have tried to develop a formula for the 
standard error of the most probable number. 

If Pj. and are the probabilities of gettijjg sterile and fertile samples at 
the a^th dilution then p^ = and q^^. = 1 — p^. 

The chance P of getting the combination such as fertile and sterile 
where x embraces all dilutions can be expressed as 


P = TT kj. Pj. ^‘x q,. 'x where tt denotes the products of various p’s and q’s 
raised to appropriate indices which depend upoii the results of different dilutions 
and kj. is a constant. 

Log P = K -f S [ iij. log 1\.^. |- log q,. j ^ L (say). Differentiating this 

twice v.'ith regard to n we get 



The mean value of this expression when s.^ tubes are taken for the a’^th dilution is 



If tr is the standard error of u we therefore have 
11 



and if the same number of tubes s are used in each. dilution the formula? foi the 
standard error of n becomes 


s S 




(4) 


» 11 

A perusal of the formula (2), (3), and (4) will make it clear 
symbols entering into the formula Ux , Vx » numbers 
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fertile samples are known from the results of the experiments and a*"' is the 
corresponding dilution. The only other function that enters in the formulse for 
the calcidation of n and of the standard error of n is . If, therefore, this 
function can he tabulated for various values of n, the solution of both tj^es 
of formula? by trial and error will be .simplified. These values have now been 
calculated and are presented in the A'pjiP.ndix which "ives corresponding to 
a value of n the corresponding values of En/jo, I^n/ion, K„^'],odo- Appoidix 
is given in a form which is most convenient for use when the dilution 
factor is 10 and three dilutions are taken. It may, however, be seen 
that the Appendix is of a much wider application because whatever be the 
dilution the appropriate value of E^ may still be read from it. 

An example will perhaps make the use of the formula? clear. Let us say that 
five tubes for each of the dilutions 1 /lO, 1 /1 00 and 1 /1 .000 are taken and the tubes 
which are positive for each of these dilutions arc 3, 2, and 1, respectively. 


"We therefore have a =10, 
u, = 2, 
ii., = 3. 
U;, = 4. 


X =1,2 or 3, 
V, =3, 
v.> =2. 

V., = 1. 


Substituting these values in the cq\ialion (1) we have (•’'•^^,'10 — 2 j + 

100 (^-^n/lOfl "i' “1,000 ( '1,000 ~ ^ 

or 300 R„,jo -i- 20. ^n/lOO d ^^n/l,000 = 

For n = 18 left hand side = 215-88 
n = 17 ,, ,, = 233-31 

n = 10 .. ., ., = 253-10 


The value 17 gives the nearest value to the right hand side and hence is 
the solution of the equation. Therefore, the most probable number of organisms 
in the sample tested is 17. 

The next problem is to find the standard error of 17. Since the number of 
tubes is constant we make use of formula (4). 


10 ^ 


+ 


^7/100 

10 '^ 


®17/1,000 


10 


, 6 " 


] 


The values of the three E’s corresponding to 17 can be read from the tables 
and we have 

1 


or n 


n 

± 8 . 


5 [ -002235 + -000540 -p -C.00058 ] 


We may now examine the probable values as shown by Various combinations 
of positive and negative samples which have been computed by McCTody figiT) 
and have been adopted by the Ministry of Health (loc. ci/.). ^ ^ 
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The first, table relates to the case when for ihc three dilutions h ]/10. and 
1/JOO we use ], 5, and 5 lubes, respeelively. The second relates to the case 
when the dilutions are I /lO, J /1 00.. and J /] .000 and five tubes are used in each ca.se. 
Our table gives the same probable values up Ion — 20 except in two case.s and 
this is perlir.ps duo to a mi.stake in his eomjnitation. For the probable numbers 
exceeding 20, IMfCrady's tables give only ajiproximatc values. This approximation 
has now been removed and all the values now given are correct to unit place. 

fi’AllLE n. 

Slim'ivfi the most probable mmher of bacteria jnescat in 100 c.c. of miter 
and the standard error of (his nnmber. for variens combinations of 
posiiitie and. noQative results lehen' 1 tube is used for oO c.c.. 

5 tubes are used for 10 c.c., ajul 5 Lubes are used for 1 c.c. 


XuMiinE 

or Tcnrs Gnixt; rosmvi; 
nr-iCTios. 

! .Most probable 

1 number of 

1 

Standard error 
of the most 

I pi-obable number. 

t 

1 

oO c.c. 

1 tube ii.«ecl. 

10 c.c. 

5 tulic.s used. 

1 c.c. 

5 tube.? u.>»ccl. 

1 organisms in 

10 c.c. 

1 

1 

0 

0 

1 

1 

1 

1 

i 

1 

t 

t 

1 1 

0 

0 

1 2 

2 

2 

0 

1 

1 0 

J 

' 1 

0 

1 

1 i 

1 " 0 
" 1 

2 

0 

1 

1 1 

1 

2 

3 

o 

0 

1 

2 1 

0 

2 

2 


2 

1 

3 i 

2 

0 

2 

2 

4 

3 

0 

3 i 

1 

0 

1 

O 

O 

i _ 2 

1 

0 

3 

1 

5 

3 

0 

4 

0 

5 

3 

1 

0 

0 

1 

1 

1 

0 

i 

1 

3 

2 

1 

0 

2 

4 

3 


0 


3 
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XUMBKK or TUBES OIVIXG POSITIVE 
BEACTTOX. 

Most probable 
munber of 
organisms in 

10 c.c. 

fStamlard error 
of tlie most 
probable inimbcr. 

1 

r<o c.c. j 

1 tube used. , 

1 

10 c.c. 1 

!) 1111 ) 0 =! )ised. , 

1 c.c. 

.) t)ibcs )iscd. 

1 ' 

1 

1 

0 

1 

1 

1 

O 

1 

1 

i 1 

.“l 

3 

1 

1 

O 1 

7 

4 

1 

1 

3 

1 <» 

1 

5 

1 

2 

0 

i 

3 

1 

0 

1 

1 7 

4 

1 

2 

2 1 

' 10 

C) 

1 

2 

3 

12 

C 


;i 

0 

8 

, 4 

' i 

3 

1 

11 

G 

1 1 

3 

2 ! 

14 

7 

1 

3 

3 

IS 

9 

1 

3 

4 

21 

10 

1 

4 

0 

13 

7 

1 

4 

* 1 

17 

8 

1 

4 

1 2 

1 

22 

11 

1 

4 

1 3 

28 

14 

1 

4 


36 

19 

I 

4 

5 

4.3 

25 

1 

5 

0 

24 

12 

1 

5 

1 

35 

19 

1 

5 1 

2 

54 

33 

1 

5 

1 3 

92 

55 

1 

5 ' 

1 

4 

161 

1 

89 


i i 

‘ I 
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Table III. 

t^hcviiifj the most probable vumber of baclcria presevt in 100 c.c. of wafer 
and ihe standard, error of this number for xariotis cenibinaiions of 
posilite and negative results when 5 tubes aie %iscd for each 
of the quantities 10 c.c., 1 c.c., and OT c.c. 


Number or tures gtvino positive 

RE VCTION. 

Most probable 
number of 

Standard error 
of the most 
probable numlier. 

10 c.c. 

5 tubes used. 

1 c.c. 

5 tubes used. 

O'l c.c. 
i> lubes used. 

organisms in 
100 c.c. 

0 

0 

1 

2 

2 

0 

0 

2 

4 

3 

0 

1 

0 

2 

2 

0 

1 

1 

4 

3 

0 

1 

2 

0 

4 

0 

2 

0 

4 

3 

0 

2 

1 

C 

4 

0 

3 

0 

c 

4 

1 

0 

0 

2 

2 

1 

0 

1 

4 

3 

1 

0 

2 

G 

4 

1 

0 

3 

8 

ri 

1 

1 

0 

4 

3 

i 

1 

1 

0 

4 

1 

1 

2 

8 

a 

1 

2 

0 

6 

4 

1 

2 

1 

8 

5 

1 

2 

2 

10 

5 

1 

3 

0 

8 

5 

1 

3 

1 

10 

.7 

1 

4 

0 

11 

G 

2 

0 

0 

.5 

3 
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NUMBKR of TUBFS OnTNG 
REACTION, 

FOSm\’E 

Most probublo 
number of 

Standard error 
of the most 
probable number. 

10 c.c. 

5 tubes used. 

1 c.c. 

5 tubes used. 

O'l c.c. 
j tubes used. 

organisms in 

100 c.c. 

O 

0 

1 

7 

4 

0 

0 

2 

9 

6 

o 

0 

3 

12 

6 

o 

1 

0 

7 

4 

2 

1 

1 

9 

5 

2 

1 

2 1 

12 

6 

0 ' 

o 

0 

9 

5 

2 

2 

1 

12 

6 

2 

2 

2 

1 

7 

2 

3 

0 

12 

6 

o 

1 

3 

1 

14 

7 

2 1 

4 

0 

15 

8 

3 

0 

0 

S 

S 

3 

0 

1 


6 

3 

0 

2 

! 13 

7 

3 1 

1 

0 

! “ 

6 

3 

1 

1 

14 

7 

3 

1 

2 

17 

8 

3 

1 

3 

20 

10 

3 

2 

0 

\ 

14 

7 

3 

2 

1 

17 

8 

3 

2 

2 

20 

10 

3 

3 

0 

17 

8 

3 

3 

1 

21 

10 

3 

4 

0 

21 

( 

10 

3 

4 

1 

1 

1 

24 

12 
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Numerical Estimation of B. coli by Dilution Method 


Table III — contd. 


NuMBEE I 

OF TUBES GIVING POSITIVE 

EEACTION. 

Jlost probable 
number of 
organisms in 
100 c.c. 

Standard error 
of tbe most 
probable number. 

10 c.c. 

6 tubes used. 

1 C.C. 

5 tubes used. 

1 

1 1 

O'l c.c. 

5 tubes used. 

3 

5 

0 

25 

12 

4 

0 

0 

13 

7 

4 

0 

1 

17 

8 

1 

4 

0 

2 

21 

10 

4 

0 

3 

25 

12 

1 

4 1 

1 

1 

0 

17 

8 

1 

4 1 

1 

1 

1 

1 

1 

21 

10 

1 

4 1 

1 

2 

26 

13 

4 

2 

0 

22 

11 

4 

2 

1 

26 

13 

4 

0 

2 

32 

17 

4 

.3 

0 

27 

1 

14 

4 

3 

1 

33 

' 17 

4 

3 

*7 

39 

21 

4 

4 

1 

0 

34 

18 

4 

4 

1 i 

40 

22 

4 

5 

0 

41 

23 

4 

6 

1 

48 

27 

5 

0 

0 

23 

11 

5 

0 

1 

31 

16 

5 

0 

2 

43 

24 

6 

0 

3 

68 

34 

5 

0 

4 

76 

44 

5 

1 

0 

33 

17 

6 

1 

1 

: 1 

46 

26 

5 

1 

1 

2 

63 

37 
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NuMBEK or TDBES OIVINQ POSITIVE 
KEACTION. 

Most probable 
number of 
organisms in 
100 c.c. 

Standard error 
of the most 
probable number. 

10 c.c. 

5 tubes used. 

1 c.c. 

5 tubes used. 

O'l c.c. 

5 tubes used. 

6 

1 1 

1 1 

1 

i 

i 3 

84 

47 

5 

2 

0 

40 

28 

5 

2 

1 i 

) 

70 

41 

fi 

2 

2 

04 

52 

5 

i 

2 1 
1 

3 

120 

63 

r, 

2 ^ 

1 , 

4 

148 

75 

.T 

1 2 

A 

177 

88 

(5 

1 n 1 

i 

0 

70 

46 

5 

1 ^ ! 

1 

100 

58 

5 

2 

2 

141 

1 

I 72 

2 1 

3 

.3 

17a 

87 

5 i 

3 * 

4 

212 

106 

S 

3 

6 

253 

128 

5 

4 

0 

j 130 

67 

5 

4 

1 

172 

86 

6 

4 

2 

221 

m 

5 

4 

3 

1 278 

143 

5 

4 1 

4 

345 

187 

5 

4 

6 

426 

246 

5 

a 

0 

240 

121 

.'i 

a 

1 

348 

189 

5 

5 

j 

2 

542 

330 


The sta^ard eiiors of these prohahle nmahevs have also been calculated aud 
are given m Tables 11 and III along .vith the probable nuiJbers 
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NmnericaJ Estimation of B. coli h/ Dihition Method. 


Efficiency op the dilution method. 

A perusal of Table HI Avill show that the standard error attached to each 
probable number is much too large, being about one-half of the munber itself. 
Formula (4) which gives the standard error involves E^, s^ and a2x; in other 

words, the standard error depends upon the probable number, the dilution and the 
number of the tubes used. For practical purposes it would be of interest to find 
out how many tubes and what dilutions it is necessary to use to increase the 
accuracy of the probable number to a reasonable extent. We propose to discuss 
the question of dilution in another communication, but the problem relating to the 
increasing of the number of tubes is quite simple and may be examined here. 

Since a-^ varies with j/ for any given probable number the dilution 
remaining constant, we can reduce to any desired extent by increasing s^. If, 
for instance, it is desired to reduce <r,j so that it is nearly one-tenth of the prob- 
able number we shall have to increase {/~^ about five times, i.e,, the number of 
tubes to be used will have to be increased 25 times, or 125 tubes instead of 5 will have 

to be used. From the relation “"n = p, — - it is easy to calculate roughly the 

number of tubes to be used in order to increase the accuracy to any desired 
extent. 

SUMMAKY. 

The problem of the estimation of mo.st prol)able number of organisms present 
in a water supply as tested by the inoculation of varying quantities in a liquid 
medium is discussed. A suitable method for the determination of the standard 
error attached to the probable number has been wmrlced out and tables haA’’e been 
constructed which could be used, to simplify calculation for the determination of 
the most probable number and the .standard error of this number. The relation- 
ship between the number of tubes used for any set of dilutions and the accuracv 
of the probable number is given. The tables for the probable numbers given 
b)'^ the Ministry of Health have been reconstructed so as to give the value of the 
probable numbers correct to the nearest unit and their standard errors have 
also been calculated. 
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APPENDIX. 


VaUies of n/i6“ values of n from 1 lo 1,000 when x is equal to 1, 2, or 3. 

“ C ' X — 1 



1 

1 

1 

1 

1 

1 

1 

n 

eH/lO _ 1 

cH/lOO _ J 

^n/1,000 _ j 

11 

e°/10 _ 1 



1 

9 ' 5 y 8332 

99-500833 

999-500083 

24 

0-099769 

3-686647 

41-168667 

2 

4-516656 

49-501667 

499-500167 

25 

0-089425 

3-520812 

39-502083 

3 

2-858296 

32-835833 

332-833583 

26 

0-080233 

3-367796 

37-963705 

4 

2-033245 

24-503333 

249-500333 

27 

0-072048 

3-226176 

36-539287 

6 

1-541494 

19-504166 

199-500417 

28 

0-064747 

3-094731 

35-216619 

G 

1-216369 

16-171666 

166-167167 

29 

0-058227 

2-972409 

33-985175 

7 

0-986434 

13-791547 

142-357726 

30 

0-052396 

2-858296 

32-835833 

8 

0-815966 

12-006666 

124-500667 

31 

0-047174 

2-751599 

31-760648 

y 

0-685118 

10-618610 

110-611861 

32 

0-042494 

2-651621 

30-752667 

10 

0-581977 

9-508332 

99-500833 

33 

0-038296 

- 2-557753 

29-805780 

11 

0-498961 

8-600074 

90-410008 

34 

0-034525 

2-469455 

28-914598 

12 

0-431013 

7-843331 

82-834333 

35 

0-031138 

2-386250 

28-074345 

13 

0-374631 

7-203138 

76-424160 

36 

0-028091 

2-307713 , 

i 

27-280778 

14 

0-327311 

6-654520 

70-929738 

37 

0-025350 

2-233466 

26-530110 

15 

0-287217 

6-179162 

66-167917 

38 

0-022883 

2-163170 

25-818956 

16 

0-252970 

5-763328 

62-001333 

39 

0-020660 

2-096520 

25-144276 

17 

0-223516 

5-396513 

58-324946 

40 

0-018657 

2-033245 

24*503333 

18 

0-198034 

5-070547 

55-057056 

41 

0-016852 

1-973096 

23-893660 

19 

0-175874 

4-778982 

52-133162 

42 

0-015224 

1-915860 

23-313024 

20 

0-156518 

4-516656 

49-501667 

43 

0-013755 

1-861305 

22-759397 

21 

0-139545 

4-279392 

47-120798 

44 

0-012430 

1-809276 

22-230939 

22 

23 

0-124610 

0-111431 

4-063773 

3-866976 

44-956379 

42-980178 

45 

46 

0-011234 

0-010154 

1-759596 

1-712112 

21 - 7259/2 

21-242964 
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i 

1 ! 

1 

1 


1 

1 

1 

n 

1 

_ J 

1 

1 

on/100 _ , 

1 

n'UOOO , 
c — 1 

11 

_ 1 


^n/ 1,000 _ j 

t 

47 j 

0-009179 

1-666683 

20-780512 

73 

0*000676 

0-930163 

13-204713 

48 

0-008298 

1-623181 

-20-337333 

74 

0-0006 1-2 

0-912462 

13-019680 

49 

0-007502 ' 

1-581487 

19-912246 

75 

0-000553 

0-895255 

12-839583 

50 

0-006784 i 

1-541494 

19-504166 - 

76 

0-000501 

0-878521 

12-664227 

51 

1 

0-006134 

1-503101 

19-112093 

77 

0-000453 

0-862243 

12-493429 

5 -> 

0-005547 ; 

1-466216 

18-735102 

78 

0-000410 

0-846402 

12-327012 

53 

0-005017 

1-430754 

18-372341 

79 

0-000371 

0-830981 

12-164810 

54 

0-004537 

1-396635 

18-023018 

80 

0-000336 

0-815966 

12*006666 

55 

0-004104 

1-363786 

17-086401 

81 

0*000304 

0-801341 

U *852428 

6G 

0-003712 

1-332139 

17-361809 

82 

0-000275 

0-787092 

11-701955 

07 

0-003357 

1-301631 

17-048609 

83 

0-000249 

0-773205 

11-555109 

08 

0-003037 

1*272202 

16-746212 

84 

0-000225 

0-759667 

11-411761 

09 

0-002747 

1-243799 

10-454069 

85 

0-000204 

0-746465 

11-271788 

00 

0-002485 

1-216369 

10-171666 

86 

0-000184 

0-733589 

11-135073 

61 

0-002248 

1-189865 

15-898526 

87 

0-000167 

0-721027 

11-001502 

62 

0-002034 

1-164242 

15-034199 

88 

0000151 

0-708768 

10-870969 

63 

0-001840 

1-139458 

15-378266 

89 

0-000136 

0-696801 

10-743371 

64 

0-001664 

1-115473 

15-130333 

90 

0-000123 

0-685118 

10-618610 

65 

0-001506 

1-092251 

14-890032 

91 

0-000112 

0-673708 

10-496593 

66 

0-001362 

1-069756 

14-657015 

92 

0-000101 

0-662563 

10-377231 

67 

0-001232 

1-047957 

14-430956 

93 

0000091 

0-651674 

10-260437 

68 

0-001116 

1-026823 

14-211549 

94 

0-000083 

0-641033 

10-146130 

6Q 

0-001009 

1-006324 

13-998503 

95 

0-000075 

0-630632 

10-034331 

70 

0-000913 

0-986434 

13-791547 

96 

0-000068 

0-620464 

9-924665 

71 

0-000826 

0-907126 

13-590423 

97 

0-000061 

0-610521 

9-817360 

72 

0-000747 

0-948377 

13-394888 

98 

0*000055 

0-600797 

9-712247- 
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n 

1 

1 

i 

' I 


i!9 

HHI 

1 

n /10 , 

cn/JOO _ j 

^.n,J,000 __ j 

1 




^n/I,000_j 

99 

0-000050 

0-591284 

9-609259 

125 

1 

1 

0-000001 

0 - 40 J 551 

7-510414 

100 

0-000045 

0-581977 

9-508332 

126 

0-000003 

' 0-395974 

7-447005 

101 

0-000041 

0-572869 

9-409405 

127 

0-000003 

0-390495 

7-384596 

102 

0-000037 

0-563954 

9-312420 

128 

i 0-000003 

0-385113 

7-323164 

103 

0-000034 

0-555227 

9-217320 

129 

0-000002 

0-379826 

7-262685 

101 

0-000030 

0-546682 

9-124050 

130 

0-000002 

0-374631 

' 7-203138 

105 

0-000028 

0-538314 

9-032558 

131 

0-000002 

0-369525 

7-144501 

106 

0-000025 

0-530118 

S -942794 

132 

0-000002 

0-364508 

7-086754 

107 

0-000023 

0-522090 

8-854709 

133 

0-000002 

0-359577 

J -029877 

108 

0-000020 

0-514224 

8-768258 

134 

0-000002 

0-354730 

6-973850 

109 

0-000018 

0-506515 

8-683394 

135 

0-000001 

0-349965 

6-918654 

110 

0-000017 

0-498961 

8-600074 

136 

0-000001 

0-345281 

6-864271 

111 

0-000015 

0-491555 

8-518257 

137 

0-000001 

0-340675 

6-810683 

112 

0-000014 

0-484296 

8-437903 

138 

0-000001 

0-336146 

6-757873 

113 

0-000012 

0-477177 

8-358972 

139 

0-000001 

0-331691 

6-705824 

114 

0-000011 

0-470197 

8-281428 

140 

0-000001 

0-327311 

6-654520 

116 

0-000010 

0-463351 

8-205233 

141 '' 

0-000001 

0-323002 

6-603945 

116 

0-000009 

0-456635 

8-130364 

142 

0-000001 

0-318764 

6-554083 

117 

0-000008 

0-450046 

8-056756 

143 

0-000001 

0-314594 

6-504920 

118 

0-000008 

0-443582 

7-984407 

144 

0-000001 

0-310492 

6-456440 

119 

0-000007 

0-437239 

7-913276 

145 

0-000001 

0-306456 

6-408631 

120 

0-000006 

0-431013 

7-843331 

146 

0-000000 

0-302484 

6-361477 

121 

0-000006 

0-424902 

7-774544 

147 

0-000000 

0-298576 

6-314967 

122 

0-000005 

0-418903 

7-706885 

148 1 

0-000000 

0-294729 

6-269086 

123 

0-000005 

0-413013 

7-640329 

149 

0-000000 

0-290943 

6-223821 

124 

0-000004 

0-407230 

7-574847 

150 ' 

0-000000 

0-287217 

6-179162 
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n 

1 

n/100 , 

O' — 1 

1 

^n/1,000 _ y 

! 

•• ' 

1 

oH/IOO _ 1 

1 

^n/1,000 _ y 

151 

0-283549 

6-135095 

179 

0-200423 

5-101501 

152 

0-279938 

6-091609 

180 j 

0-198034 

5-070547 

153 

0-276382 

6-048693 

181 j 

0-195678 

5-039937 

154 

0-272882 

6-006335 

182 

0-193354 

5-009664 

lo5 

0-269435 

5-964524 

183 

0-191063 

4-979722 

15G 

0-266041 

5-923251 

184 

0-188803 

4-950107 

157 

0-262698 

5-882505 

185 

0-186573 

4-920813 

158 

0-259406 

5-842-275 

186 

0-184375 

4-891835 

159 

0-256164 

5-802553 

187 1 

0-182206 

4-863168 

160 

0-252970 

5-763328 

188 1 

0-180066 

4-834806 

161 

0-249824 

5-724591 

189 1 

0-177956 

4-806746 

162 

0-246725 

5-686334 

190 

0-175874 

4-778982 

163 

0-243672 

5-648547 

191 

0-173820 

4-751509 

164 

0-240664 

5-611222 

192 

0-171793 

4-724324 

165 

0-237700 

5-574350 

193 

0-169793 

4-697421 

166 

0-234780 

5-537923 

194 

0-167820 

4-670796 

167 

0-231902 

5-501934 

195 

0-165874 

4-644446 

168 

0-229066 

5-466374 

196 

0-163953 

4-618364 

169 

0-226271 

5-431236 

197 

0-162057 

4-592548 

170 

0-223516 

5-396513 

198 

0-160186 

4-566994 

171 

0-220801 

5-362196 

199 

0-158340 

4-541698 

172 

0-218125 

5-328280 

200 

0-156518 

4-516656 

173 

0-215487 

5-294756 

201 

0-154719 

4-491863 

174 

0-212886 

5-261619 

202 

0-152944 

4-467317 

175 

0-210323 

5-228862 

203 

0-151192 

4-443013 

176 

0-207795 

5-196477 

204 

0-149463 

4-418949 

177 

0-205303 

5-164460 

205 

0-147756 

4-395120 

178 

0-202846 

5-132803 

206 

0-146071 

4-371523 
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n 

I 

1 

n 

1 

1 

^n/100 _ j 

^n/1,000 _ j 

en/]00_i 

^n/l,000_j 

207 

0-144408 

4-348156 

235 

0-105423 

3-774884 

208 

0-142766 

4-325013 

236 

0-104265 

3-756937 

209 

0-141145 

4-302093 

237 

0-103121 

3-739141 

210 

0-139545 

4-279392 

238 

0-101990 

3-721495 

211 

0-137965 

4-256907 

239 

1 0-100873 

3-703998 

212 

0-136404 

4-234635 

240 

j 0-099760 

3-686647 

213 

0-134864 

4-212572 

241 

0-098678 

3-669442 

214 

0-133343 

4-190717 ; 

242 

0-097600 

3-652378 

215 

0-131842 

4-IG906G 

243 

0-096536 

3-635456 

216 

0-130359 

4-147616 

244 

. 0-095483 

3-618674 

217 

0-128894 

4-126364 • 

245 

0-094443 

3-602029 

218 

0-127449 

4-105308 

246 

0-093416 

3-585520 

219 

0-126021 

4-084445 

247 

0-092401 

3-569145 

220 

0-124610 

4-063773 

1 248 

0-091397 

3-552904 

221 

' 0-123218 

4-043289 

249 

0-090405 

3-536793 

222 

0-121842 

4-022989 

250 

0-089425 

3-520812 

223 

0-120484 

4-002873 

251 

0-088457 

3-504958 

224 

0-119142 

3-982937 

252 

0-087500 

3-489232 

225 

0-117817 

3-963179 

253 

0-086554 

3-473630 

226 

0-116508 

3-943590 

254 

0-085619 

3-458152 

227 

0-115215 

3-924187 

255 

0-084695 

3-442796 

228 

0-113938 

3-904948 

256 

0-083781 

3-427560 

229 

0-112677 

3-885879 

257 

0-082879 

3-412443 

230 

0-111431 

3-866976 

258 

0-081986 

3-397445 

231 

0-110200 

3-848237 

259 

0-081105 

3-382563 

232 

0-108984 

3-829661 

260 

0-080233 

3-367796 

233 

0-107783 

3-811245 

261 

0-079371 

3-353143 

234 

0-106596 

3-792987 

262 

0-078519 

3-338602 
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1 

i 

1 

1 

n 

n/iOO , 
c — 1 

^n/1.006 _ j 

n 

^n/lOO _ j 

1 

o 

o 

o 

263 

0-077677 

3-324173 

291 

0-057614 

2-960642 

26i 

0076845 

3-309853 

292 

0-057008 

2-948956 

265 

0-076022 

3-295642 

293 

0-056409 

2-937351 

266 

0-075209 

3-281539 

294 

0-055817 

2-925825 

267 

0074405 

3-267342 

295 

0-055230 

2-914378 

268 

0-073610 

3-253650 

296 

0-054661 

2-903009 

269 

0-072824 

3-239862 

297 

0-054078 

2-891717 

270 

0-072048 

3-226176 

298 

0-053511 

2-880501 

271 

0-071280 1 

3-212593 

299 

0-052950 

2-S6936I 

272 

0-070520 

3-109109 

300 

0-052396 

2-858296 

273 

0-069770 

3-185725 


0-051847 

2-847305 

274 

0-069027 

3-172440 

302 

0-031305 

2-836387 

275 

0-068294 

3-159251 

303 

0-050769 

2-826541 

270 

0-067568 

3-146159 

304 

0-050238 

2-814768 

277 

0-066851 

3-133162 

305 

0-049713 

2-804066 

278 

0-066142 

3-120259 

306 

0-049194 

2-793434 

279 

0-065441 

3-107449 

307 

0-048681 

2-782872 

280 

0-064747 

3-094731 

308 

0-048173 

2-772379 

281 

0-064062 

3-082105 

309 

0-047671 

2-761955 

282 

0-063384 

3-069568 

310 

0-047174 

2-751699 

283 

0-062714 

3-057121 

311 

0-046683 

2-741309 

284 

0-062051 

3-044762 

312 

0-046197 

2-731086 

285 

0-061396 

3-032490 

313 

0-045716 

2-720929 

286 

0-060748 

3-020304 

314 

0-045241 

2-710837 

287 

0-060107 

3-008204 

315 

0-044771 

2-700810 

288 

0-059473 

2-996189 

316 

0-044305 

2-690847 

289 

0-058847 

2-984257 

317 

0-043845 

2-680947 

290 

0-058227 

2-972409 

318 

0‘043390 

I 2-671110 
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i 

1 1 

1 I 
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^n/1,000 _ ^ , 

i 

J1 

^n/I00_^ 

I 

3VJ , 

0-042940 

2-661335 

347 

0-032116 

2-410793 

320 

0-042494 

2-651621 

348 

0-031787 

2-402505 

321 

I 0-042054 

2-641969 

349 

0-031460 

2-394354 

322 

0-041618 

2-632377 

350 

0-031138 

2-386250 

323 

0-041187 

2-622845 

351 

0-030818 

2-378193 

324 

0-040760 

2-613373 

352 

0-030502 

2-370182 

325 

0-040338 

• 2-603959 

353 

0-030190 

2-362217 

326 j 

! 0-039921 

2-594603 

354 

0-029880 

2-354297 

327 

0-039508 

2-585306 

355 

0-029574 

2-346423 

328 

0-039100 

2-576065 

356 

0-029271 

2-338593 

329 

0-038695 

2-566881 

367 

0-028972 

2-330807 

330 

0-038296 

2-557753 

358 

0-028675 

2-323066 

331 

0-037900 

2-548681 

359 j 

0-028382 

2-315368 

332 

0-037509 

2-539664 

360 

0-028091 

2-307713 

333 1 

0-037122 

2-530702 

361 

0-027804 

' 2-300101 

334 

0-036739 

2-521794 

362 

0-027520 

2-292532 

335 

0-036360 

2-512939 

363 

0-027238 

2-285005 

336 

0-035985 

2-504138 

364 

0-026960 

2-277519 

337 

0-035614 

2-495389 

365 

0-026685 

2-270075 

338 1 

0-035248 

2-486693 

366 

0-026412 

2-262673 

339 

0-034885 

2-478049 

367 

- 0-026142 

2-255311 

340 

0-034525 

.2-469455 

368 

0-025876 

2-247989 

341 

0-034170 

2-460913 

369 

0-025612 

2-240708 

342 

0-033819 

2-452421 

370 

0-025350 

2-233466 

343 

0-033471 

2-443979 

371 

0-025092 

2-226264 , 

344 

0-033127 

2-435587 

372 

0-024836 

2-219101 

345 

0-032786 

2-427244 

1 

373 

0-024583 

2-211977 

346 

0-032450 

I 

2-418949 

1 

374 

0-024332 

2-204891 
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0-024084 

2-197844 
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0-0I809G 

2-014882 

370 

0-023839 

2-190834 

404 

0-017913 

2-008823 

377 

0-023590 

2-183802 

405 

0-017731 

2-002794 

378 

0-023350 

2-176928 

40C 

0-017652 

1-990795 

379 

0-023118 

■ 2-170030 

407 

0-017374 

1-990826 

380 

0-022883 

2-103170 

408 

0-017198 

1-084886 

381 

0-022050 

2-l.-,6345 

409 

1 

0-017024 

1-978976 

382 

0-022419 

2-149557 

410 

0-0IC852 

1-973096 

383 

0-022191 

2-142805 

411 

0-010081 

1-967244 

384 

Q-Q219GG 

2-130088 

412 

0-010513 

1-901421 

385 

0-021742 

2-129407 

413 

0-010340 

1-955027 

380 

0-021521 1 

2-122701 

414 

0-010180 

1-949801 

387 

0-021303 1 

2-110140 

415 

0-010017 

1-944123 

388 

0 021080 

1 2-109572 

410 

0-015855 

1-938413 

389 

1 0-020872 

2- 100029 1 

i 

417 

0-015095 

1-932731 

390 1 

0-0-20000 

2-0905-20 

418 1 

0-015530 

1-927077 

391 

0-020450 

' 2-090045 

419 

0015379 

1-921450 

392 

0-020243 

1 2-083004 

420 

0-015224 

1-915850 

393 

0-020037 

1 2-077195 

421 

0-016070 

1-910277 

394 

0-019834 

j 2-070820 

422 

0-014918 

1-904731 

395 

0-019033 

1 2-004477 

423 

0-014707 

1-899212 

390 

0-019434 

j 2-058107 

424 

0-014618 

1-893718 

397 

0-019236 

1 2-051888 

425 

0-014471 

1-888252 

398 

0-019041 

1 2-045G42 

420 

0-014325 

1-882811 

399 

0-018848 

1 2-039428 

427 

0-014180 

1-877396 

400 

0-018657 

2-033245 

428 

0-014037 

1-872007 

401 

0-018468 

2-027093 

429 

0-013895 

1-866643 

402 

0-018281 

j 2-020972 

430 

0-013755 

1-861305 
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1 

1 

n 

1 

1 

^n/100 _ 1 

^n/1,000 _ j 

^n/100 _ j 

O 

o 

o 

0 

1 

431 

0-013616 

1-853992 

459 

0-010257 

1-716766 

432 

0-013479 

1-850703 

460 

0-010154 

1-712112 

433 

0-013343 

1-845440 

461 

0-010052 

1-707479 

434 

0-013209 

1-840201 

462 

0-009951 

1-702866 

435 

0-013076 

1-834987 

463 

0-009851 

1-698273 

43C 

0-012944 

1-829797 

464 

0-009752 

1-693701 

437 

0-012813 

1-824631 

465 

0-009654 

1-689149 

438 

0-012684 

1-819489 

466 

0-009557 

1-684616 

439 

0-012556 

1-814371 

467 

0-009461 

1-680104 

440 

0-012430 

1-809276 

468 

0-009366 

1-675611 

441 

0-012305 

1-804205 

469 

0-009272 

1-671137 

442 

0-012181 

1-799157 

470 

0-009179 

1-666683 

443 

0-012058 

1-794133 

471 

0-009087 

1-662248 

444 

0-011937 

1-789131 

472 

0-008995 

1-657832 

445 

0-011817 

1-784153 

473 

0-008905 

1-053435 

44G 

0-011698 

1-779196 

474 

0-008816 

1-649058 

447 

0-011580 

1-774263 

475 

0-008727 

1-644698 

448 

0-011463 

1-769352 

476 

0-008640 

■ 1-640358 

449 

0-011348 

] -764463 

477 

0-008553 

1-636036 

450 

0-011234 

1-759396 

478 

0-008467 

1-631733 

451 

0-011121 

1-754751 

479 

0-008382 

1-627448 

452 

0-011009 

1-749928 

480 

0-008298 

1 - 6-23181 

453 

0-010898 

1-745127 

481 

0-008215 

1-618932 

454 

0-010789 

1-740347 

482 

0-008132 

1-614701 

455 

0-010680 

1-735589 

483 

0-008051 

1-610489 

456 

0-010573 

1-730851 

484 

0-007970 

1-606292 

457 

0-010466 

1-726133 

485 

0-007890 

1-602115 

458 

0-010361 

1-721440 

486 

0-007811 

1-597955 
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^n/100 _ j 

1 

n 

1 

1 

^i,/I,000 _ J 

- 1 

^n/I.OOO __ J 

487 

0-007733 

1-59'3812 

515 

0-005833 

1-484476 

4SS 

0-007055 

1-5S9GS6 

516 

0-005775 

I -480795 

489 

0'00757S 

1-585578 

517 

0-005717 

1-477129 

490 

0-007502 

1-58I4S7 

518 

0-005060 

1-473477 

491 

0-007427 

• 1-577413 

519 

0-005603 

1-409839 

492 

0-007353 

1-573350 

520 

0*005547 

1 

1-466216 

493 

0-007279 

1*569315 

521 

0-005492 

1-462607 

494 

0-00720G 

1-505292 

522 

0-005437 

1-459013 

495 

0-007134 

1-501285 

523 

0-005382 

1-455432 

49G 

0-007002 

1-557294 

524 

i 

0-005328 

1-451865 

497 

0-000992 

[ 1-5533-20 

523 ■ 

0-005275 

1-448312 

498 

0-00692-1 

1-549302 

520 ■ 

0-005-2-22 

1-444773 

499 

0-000852 

1-545420 

527 

0-005170 

1-441248 

500 

0-006784 

1-541494 

528 

0-005118 

1-437736 

501 

O-00071G 

1 -537584 

529 

0-005007 

1-434238 

502 

0-006648 

1-533691 

530 

0-005017 

1*430754 

503 

1 0-006582 

1-529813 

531 

0-0049CC 

1*427283 

504 

j 0-006510 

1-525950 

632 

0-004917 

1-423825 

oOo 

0-006451 

1-622104 

533 

0-004868 

1-420380 

506 

0-006386 

1-618272 

534 

0-004819 

1-416949 

507 

0-006322 

1-5U457 

535 

0-004771 

1-413631 

508 

0-006259 

1*510650 

536 

0-004723 

1-410126 

609 

0-006196 

1-506871 

637 

0-004676 

1-406734 

510 

0-006134 

1-603101 

538 

0-004629 

1-403365 

511 

1 0-006073 

1-499346 

539 

0-004583 

1-399988 

512 

i 0-006012 

1-495606 

540 

0-004537 

1-396635 

513 

0-005952 

1-491881 

541 

0-004492 

1-393294 

514 

0-005892 

1-488171 

542 

0-004447 

1-389966 
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1 

- 1 

n 

1 

1 

^n/100_i 

^n/l,000-j 

en/100_j 

^n/l,000_j 

643 

0-004402 

1-386650 

571 

0-003324 

1-298640 

644 

0-004358 

1-383347 

572 

0-003291 

1-295661 

646 

0-004315 

1-380056 

573 

0-003258 

1-292691 

646 

0-004272 

1-376777 

674 

0-003225 

1-289733. 

547 

0-004229 

1-373511 

575 

0-003193 

1-286785 

548 

1 

0-004187 

1-370257 

676 

0-003161 

1-283848 

549 

1 

0-004145 

1-367015 1 

577 

0-003130 

1-280921 

550 

1 

0-004104 

1-363786 

678 ' 

0-003098 

1-278004 

551 

0-004003 

1-360568 

679 

0-003007 

1-275098 

552 

0-004022 

1-307362 

580 

0-003037 

1-272202 ■ 

563 

0-003982 

1-354108 

581 

0-003006 

1-209317 

554 

0-003942 

1-350980 

582 

0-002970 

1-266441 

656 

0-003903 

1-347816 

583 

0-002947 

i 1-263570 

556 

0-003804 

1-344658 

584 

0-002917 

1-260721 

' < 

557 

0-003825 

1-341511 

585 

0-002888 

1-257870 

558 

! 0-003787 

1-338375 

580 

0-002859 

1-255041 

559 

0-003749 

1-335251 

587 

0-002831 

1-252210 

560 

0-003712 

1-332139 

588 

0-002803 

1-249400 

501 

0-003675 

1-329038 

589 

0-002775 

1-240595 

562 

0-003638 

1-325948 

590 

0-002747 

1-243799 

663 

0-003601 

1-322870 

591 

0-002720 

1-241013 

664 

0-003560 

1-319802 

592 

0-002092 

1-238237 

565 

0-003530 

1-316746 

693 

0-002666 

1-235470 

566 

0-003495 

1-313701 

694 

0-002639 

1-232713 

667 

0-003460 

1-310667 

696 

0-002613 

1-229900 

668 

0-003425 

1-307644 

596 

0-002587 

1-227227 

569 

0-003391 

1-304632 

597 

0-002501 

1-224499 

570 

0-003357 

1-301631 

598 

0-002635 

1-221780 
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O-000G43 
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0-002363 , 

1-203004 
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0-903798 

610 1 

0-00224S 

1-189865 

750 

0-000553 
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615 ' 

0-002138 

1-176946 

755 

0-000526 

0-886830 

020 

0-002034 

1-164242 

760 

0-000501 
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025 . 

0-001934 

1-151747 

765 

0-000476 
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630 
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0-001750 1 
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0-000410 
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045 1 
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1-092251 
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0-000336 
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1-058772 
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670 
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0-001172 j 
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0-000289 
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680 ' 
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685 1 
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825 
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0-001009 
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0-000249 
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700 i 

1 
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S 0-986434 

1 
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705 j 
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i 0-976709 
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710 j 
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850 

0-000204 
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0-000785 
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0-000175 
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Introduction. 

Some experiments (unpublished) conducted by us showed that, so far as could 
be judged by plaque counts, cholera bacteriophage not only grew more profusely 
but the various types survived longer in 1 per cent peptone (Witte’s) medium than 
in papain-mutton broth (Martin, 1927 ; Morison and Vardon, 1929) which was the 
routine medium used in this Institute for the preparation of therapeutic 
cholera-dysentery bacteriophage. It was thought possible that this was because 
the nitrogenous content of papain-mutton broth is represented chiefly by free 
amino-acids owing to the complete digestion of the mutton in the process 
of preparation. 

It would have been a very simple matter to have adopted a 1 per cent Witte’s 
peptone medium for the preparation of therapeutic bacteriophage, but there are 
two great objections to this, namely, the relatively high cost of commercial 
peptones and, secondly, the fact that most peptones are derived from sources 
such as ox-blood fibrin, which would be objectionable to the maioritv of the 
people of India. 

Our object, therefore, was to try and obtain a medium in which the nitrocren 
content would be represented mainly by proteose and peptone and which 
was derived from a source -non-objectionable to the masses in India, and also 
which would be no more expensive than papain-mutton broth. 

{ 379 ) 
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At the suggestion of Lieut.-Colonel L. A. P. Anderson, i.m.s., Director of this 
Institute, work on the digestion of casein by papain was taken up by us. It would 
seem that, if this proved successful in other respects our problem would be 
solved since neither casein nor papain, which is the enzjane present in the 
fruit Carica pajyaya, could be in any w^ay objectionable even to the most 
orthodox. 

Casein, the chief protein of milk, contains a large number of amino-acids includ- 
ing trj^tophane, which is particularly necessary for the growth of certain bacteria 
and the use of casein as the nitrogen basis of bacterial culture media is, of course, 
not new. For instance, Cole and Onslow (1916) prepared a culture medium by the 
digestion of casein with trypsin ; this medium howmver was found unsuitable 
for most pathogenic bacteria (Fildes and McIntosh, 1931). 

Norris (1920) in India also prepared a tr3'psinized casein medium and found 
that the growth of bacteria was as good in this medium as in trypsinized mutton 
broth, whilst the cost of production was less. She could not, however, obtain a 
perfectly clear broth and the medium wms consequently only really suitable for the 
preparation of agar for large scale vaccine manufacture. Actually this medium 
was used successfully for this purpose for many years at the Central Research 
Institute,'' Kasauli. 

Kristensen el al. (1925) prepared a trypsinized casein broth and observed that 
it was suitable for the growth of pathogenic bacteria of the t}qphoid-parat}’phoid 
group, an excellent medium for the indol test and very cheap ; their process 
of preparation was a hngthy one and took more than a week for each brew. 


Digestion of casein with papain. 

Materials . — Preliminary experiments were conducted with a sample of com- 
mercial casein (Merck’s). Afterwards crude casein was obtained from a firm m 
Poona, India. On estimation of the total nitrogen the latter sample was found to 
contain 76'25 per cent protein. 

The papain, in the form of the dried juice, was obtained from Ceylon. Whra 
shaken with water it gave the usual milkj'- appearance ; the reaction was acid, pH 
5-2, and the Biuret test was positive. The filtered hot-water extract when analysed 
showed that papain contains 8-8 per cent soluble nitrogen. Assuming this nitrogen 
to be derived from protein alone, the ferment therefore contained 55 per cen 
soluble protein. 

In the preliminary experiments and subsequent work the degree of digestion 
of the casein was measured by Sorensen’s formol titration method using Cole aiic 
Onslow’s comparator. After digestion 20 c.c. of the digest were taken and 5 c.c- o 
neutral formalin (70 c.c. formaldehyde 40 volumes per cent made faintly ' 
to phenolphthalein and diluted to 100 c.c.) were added and this was titrated 
N /lO NaOH (caustic soda) using phenolphthalein as the indicator. 

Summary of preliminary experiments . — Preliminary observation 
that when digestion was carried out for not more than six hours at di er^^^ 
temperatures and reactions, free trjqjtophane was never detected in the 
that up to this period papain digested casein only to the proteose ^ jjt 

stage. At 70°C. to 80°C. 1-5 g. papain digested one litre ot o p 
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casein sohition in approximately two liours. At 85°C. the enzyme was quickly 
inactivated. In our subsequent experiments 70°C. was adopted as the optimum 
temperature for digestion. 

When the digestion of casein was carried out at different hydrogen-ion concen- 
trations, it was found that digestion was most rapid at pH S'O. It may be noted 
that the iso-electric point of the particular sample of casein was found to be pH 4-8. 
To obtain a clear broth for a culture medium of pH 7-8, digestion at pH S'O, 
however, had the disadvantage that more adjustments of the reaction were 
necessary. Digestion at pH 7-8 to pH 8-0, on the other hand, favoured the 
deposition of inorganic phosphates which are disintegrated during the process 
and necessitated only a little subsequent adjustment of the pH, consequently 
digestion at pH 5'0 was discontinued and pH 7-8 was adopted as the initial 
reaction for the digestion of casein by papain, for the purpose of preparing a 
medium for bacteriological experimental work. 


Dkied papaya juice alone, as a nutrient medium fob bacteria. 

It has already been mentioned that papain {the dried juice) has a high protein 
content, it was also found to give a positive test for reduced glutathione, a 
tripeptide containing the amino-acids gl}’'cine, cysteine, and glutamic acid which 
favour the growth of certain bacteria ; this suggested that in the preparation of 
papain-casein medium, in addition to the digestive property of the papain, a part of 
the nutrients contained in the papain might also be available to supplement those 
obtained from the casein. To clear up this point the following experiment was 
undertaken ; — 

Powdered papain mixed in distilled water was autoclaved for 45 minutes at 
15 lb. pressure to obtain complete solution and to destroy the ferment activity. 
Sodium chloride to 0'5 per cent was then added and the pH of the fluid was adjusted 
to 7 -8. It was then steamed for 30 minutes, cooled, and filtered. Sterilized filtrates 
containing different concentrations of papain were used for growing strains 
of F. cliolerce and it was found that the organisms definitely multiplied in a 
0'375 per cent solution of papain. 

In preparing the digest for the culture medium, therefore, 7-5 g. (1-5 x 5) of 
papain per litre of 2-5 per cent casein solution were used so that when the final 
dilution of the digest with an equal volume of water is made the amount of papain in 
the finished medium would be 0-375 per cent. Moreover, although it was previously 
found that 1-5 g. of papain would digest one litre of 2-5 per cent casein, it was 
considered that, by using five times the quantity of the ferment which was actually 
required, there would be available a sufiScient margin to compensate for any 
possible variation in the quality of the papain. ^ 


Prefaration of papain-casein culture medium. 

One litre of a 0-8 per cent solution of anhydrous sodium carbonate in tan water 
IS placed m a 4-htre flask and the temperature of the solution is raised to 70% in a 
water-bath. To this hot alkaline solution is added 100 g. of crude casein (made 
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from skimmed milk) and the heating is continued for about 20 minutes or until tLe 
casein is almost complete!}^ dissoh^ed. Tlie flask is then shaken vigorously and the 
volume is made up to 4,000 c.c. with tap water. At this stage the casein mixture 
should show a pH of 8'0 to The flask is then replaced in the bath and when 

the temperature of the fluid in the flask reaches 70°C., 30 g. of papain are added and 
well mixed. On the addition of the papain the pH of the fluid drops to about 7'8. 
The digestion of the casein is continued in the bath for two hours, the temperature 
being maintained at 70°C. 

At the end of two hours, 20 c.c. of the digest are removed and cooled 
under the tap. This is titrated with N/10 caustic soda, after adding 5 c.c. 
neutral formalin and 25 drops of 0*5 per cent phenolphthalein solution. When 
digestion is complete to the desired stage about 9 c.c. of the alkali are 
required to give a distinct pink coloration, Based on the above method 
of preparation the table shows the progress of digestion at various times:— 


Table I. 


Course of digestion of casein by 'pafain. 


Time in 
minutes. 

1 

j Digestion 
[ temperature, 

1 '’C. 

i ' 

Reaction of 
the digest. 
pH. 

c.c. of 
N/10 NaOH 
required to 
neutralize. 

Stage of digestion 
as sho’vn by 
Biuret test. 

Initial 

O 

3 

Violet (undigested 
protein). 

15 

1 70 

1 

1 

7-3 1 

1 s 

R 0 s e - r 0 d (pep- 
tones). 

30 

i 09 ! 

j 

7-3 1 

1 

I 

I S-8 

Rose-red colour 
deepens. 

60 

69 

1 

7-2 1 

9-3 

-• 

90 

70 ! 

7-2 ! 

9-6 


120 

1 

i 

71 

1 

1 

7-2 

9*65 



Having determined that digestion is complete the flask is removed from the 
bath and the digest is filtered through a piece of thick cloth or canvas. 

* Since the acidity of commercial samples of ca.sein varies somewhat, the initial amount of ^ ' 

necessary to give a final pH of S-0 to 8-5 may, of course, also vary slightly. rf.Vestion 

For large scale preparation enamelled milk cans may vith advantage be used 1 c 

process instead of glass flasks. 
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filtrate is still turbid, the turbidity being chiefly due to the presence of inorganic 
phosphates. 

The reaction of the filtrate (pH f-O to pH 7-2) is then adjusted to 
pH 7-6, using phenol red as indicator ; about 2 c.c. H/IO HaOH per litre are 
required. 

The medium is then cither steamed for 30 minutes, or autoclaved, to 
inactivate the ferment and to deposit the phosphates. The pH, after the above 
heating, is usually between 7-8 and 8'0. 

On cooling, when the supernatant is completely clear, the contents are filtered 
through filter-paper without disturbing the deposit which tends to choke the pores 
of the filter-paper and makes the filtration slow ; later the deposit is placed 
on the paper. 

The clear filtrate is diluted-'- with an equal volume of tap water and 5 g. sodium 
chloride per litre are added. The pH of the medium remains constant 
at pH 7-8 to 8-0. 

The medium can be tubed or placed in flasks and sterilized. Before this steri- 
lization, formol titration of 20 c.c. of the medium requires approximately 3-9 c.c. to 
4 c.c. N /lO HaOH. The drop from 9-65 c.c. to 4 c.c. in the amount of caustic soda 
required is due to the dilution of the original papain-casein digest and the subse- 
quent addition of alkali and heating when possibly some neutral salts are 
formed. 

Papain-casein broth can be used for the preparation of nutrient agar, blood 
agar, and Loeffler's serum medium. 

Nvtrient agar . — The agar fibre, 2-5 per cent, is dissolved in the papain-casein 
broth, just after the dilution and the addition of sodium chloride. The filtration 
through lint and Chardin filter-paper should be performed at a comparatively low 
temperature, about 60°C., otherwise on cooling a thin white deposit of inorganic 
salts (which, however, do not interfere with the growth) may be formed at the 
bottom of the agar slopes. ‘ Metasil ’ filtration which is carried out at this 
Institute gives a clear nutrient agar. The pH of the prepared agar is found 
to be the same as that of the papain-casein broth used. 


Analysis op the papain-casein medium. 

Papain-casein broth, Witte’s peptone 1 per cent solution and papain-mutton 
broth, of pH 7-8, sterilized and ready for use were next analysed. In the case of 
papain-mutton broth, only the total nitrogen and the amino-acid nitrogen were 
estimated. All the analyses were carried out under parallel conditions. The 
method adopted for the determination of the quantities of proteose and peptone 
was essentially that of Wastneys and Borsook (1924). ^ ^ 


* Tliis ^%as done so that the composition of the finished medium mi^ht be 
to that of one per cent Witte’s peptone solution. If, houever. it S SS to 4^00^0 of ,oS 
laboratory uork that the grou th obtamed is not as good as one is accustomed to on other medto toe 
amount of tap u ater added might be reduced. media, the 
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Table II . 


Amlysis of peptone solution, papain-casein broth, and papain-mutton broth. 

Mg. per 100 c.c. 


Constituent. 

Witte’s 

peptone 

I per cent 
solution. 

1 

Papain-casein 
broth. 1'23 per 
cent casein, 
0'375 per cent 
papain. 

Papain-mutton 
brotb. 8-5 per 
cent mutton, 

0-5 per cent 
papain. 

Total nitrogen 

155 mg. 

185 mg. 

245 mg. ' 

Proteose nitrogen 

60 „ 

8.1 „ 


Peptone nitrogen 

1 

, 55 „ 

59 „ 

•• 

Amino-acid nitrogen . . ' 

1 1 

16 „ 

31 „ 

82 mg. 

Other nitrogen combinations . . | 

24 „ 

10 „ 

•• 

Chlorides (ast NaCl, including ' 
0'5 per cent added). 

0'585 g. 

0-58 g. 

0-6 g. 

1 

Reducing substance in terra of | 
glucose. ' 

0 

0-008 g. 

•• 

Calcium 

8 mg. 

10-5 mg. 

•• 


It will be seen from Table II that papain-casein medium prepared as 
described above is rich in proteose and peptone and compares favourably in respect 
of peptone nitrogen with 1 per cent peptone (Witte’s) solution. 

Cost of peoduction of papain-casein medium. 

In comparison witli papain-mutton medium, the preparation of papain-casein 
brotb saves time and labour in that tbe digestion is complete within two hours, 
whereas for the papain-mutton broth, besides the extra time and labour spent in 
obtaining a bone-and-fat-free mince, the digestion has to be carried on for six 
on the first day and for at least two hours more on the second day and the pH o 
the digest has to be adjusted hourly; this is not necessary in the case of papam- 
casein medium. 

The following is a comparative statement of the cost of raw materials require 
per brew of 72 litres of finished broth, which is the quantity prepared at one tune 
for routine use in this Institute for the manufacture of bacteriophage, vaccine, e c. 
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Table III. 


Compnralhc cost of 7))cdia. 


Medium. 

1 

Quantities of ' 
raw materials i 
used. i 

( 

1 

■ 

Cost per brew of 

72 litres finished 
broth. 


1 

1 1 
j 

Rs. a. p. 

Witte’s peptone (1 per cent) 

1 H lb. i 

1 

1 1 

39 0 0 

Papain-mutton broth . . | 

1 

Mutton, 24 lb. ' 1 
Papain, 14 oz. ^ j 

1 13 8 0 

Papain-casein broth 

* 1 

Casein, 2 lb. | ' 

Papain, S oz. ’ , 

1 

) 

4 10 0 


Annually between 100 to 125 such brews of medium are required. 


The suitability^ of the medium for bacteriological work. 

Having obtained a medium rich in proteose and peptone, which was cheap and 
non-objectionable, the other factors which had to be determined were ; 

(fl) Suitability of the medium for growth of ordinary bacteria, 

(b) Suitability for growth of delicate bacteria, and 

(c) Suitability for growth of bacteriophage. 

These three factors were then investigated. 


(a) Suitability of the medium for growth of ordinanj bacteria. 

B coli, F. clioUrm. B. pseudo-carolims, B. paratyphosus A and 5, and 
B. typhosus were all grown on papain-mutton and papain-casein agar. 

“S” slopes™ good and tie 

Three strains of cholera vibrios were then sown in three ■Rnn-r flool-c l 
containing 200 c.c. of papain-casein agar. Each flai 4rsown wS om ot tte 
strains and the same amount of broth culture was added. 
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Three similar flasks of papain-mutton agar were sown at the same time as con- 
trols. These flasks were incubated for 48 hours, after which 15 c.c. of normal saline 
were added to each flask and the growth was thoroughly washed off and collected 
in separate test tubes. 

The yield was estimated both by the opacity test and by taking the dry weight 
of organisms washed as free as possible from extraneous matter. 


Table IV. 


Cholera cidiure. Yield per flask. 




PAPAIN-CASErN AGAR. 


1 

Pa PAIN- JtUTTOX AGAR. 


Cholera vibrio 
strain. 

1 

Total 

washing, 

c.c. 

^ j 

1 

Strength in 
millions per 
c.c. (by 
opacity). 

Dry 
u*cight, 
nig. per 
' c.c. 

Total 
harvest 
in g. 

1 Total 
washing, 

1 c.c. 

Strength in 
millions per 
c.c. (by 
opacity). 

1 

Dry 
weight, 
mg. per 

C.C. 

Total 

hardest 

ing. 

U. P. I. 

27 

] 

38,241 

7-77 

0-21 

1 

1 29 

1 

45,892 

9-31 

0-27 

Manipur 6 . . 

27 

45,892 

9-31 

1 

0*25 

27 

45.892 

1 

[ 

9-31 

0-25 

Manipur 57 . 

30 

! 

45,892 

9-31 

0-28 1 

1 

28 

' 45,892 

1 

9-31 

0-20 


Average j’ield : caseiii-agar flasks — 0'246 g. 


Average yield : mutton-agar 
flasks = 0'26 g. 


Subsequent to the above experiment, two brews of cholera ^ 

nrenared by sowing 103 Eoux flasks m each brew with four strains of 7. c/« 

The^ organisms were first sown in four flasks of papam-casein broth 
broth flasks were used as ‘ seed ’ for the Koux flasks, each of which con 
200 c.c. of 2-5 per cent papain-casein agar. 

The harvest of these two brews yielded an average per Roux of 

of vaccine of a strength of 8,000 millions per c.c. The average y P 
ten of the most recent brews of cholera vaccine grown on 2 P 
papain-mutton agar was 173-7 c.c. ^ ^ i i vaccine 

Vor culturing ordinary aerobic pathogenic bacteria and for clio era ^ 
oaseiipapai/medium w^as thus proved to be -V 

Further experiments were carried out to determine the reLtins, 

casein broth as the basic medium for fermentation, indol and cholera red 
Sstead of the much more costly peptone water ordinarily used. 
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Tlie tests were carried out with the same organisms as before. The sugars gave 
correct readings after 2i hours and four days’ incubation, hut many more tubes with 
this medium showed fluorescence than with the control tubes prepared from Witte’s 
peptone and this made tlio reading of results very difficult. The indicator used was 
neutral red. but Ivristensen cl al. (he. cit.) when working with trypsinized casein 
found that Brom-thymol-bluc was the best indicator for fermentation tests in 
fluid media. It is possible that by the use of Brom-thymol-bluc this difficulty 
would be overcome. 

The indol reaction was given by B. coli and V. cholercc but not by B. typhosus 
or B. paratypliosus A or B. The cholera-red reaction with a true cholera 
strain was negative, but this very often occurs with Witte’s peptone water. 
When O'Ol per cent sodium nitrate was added to the medium a well-marked 
cholera-red reaction was obtained. At present O’Ol per cent sodium nitrate 
is being added to the Witte’s peptone water tubes which are used for 
the cholera-red reaction. 


(6) Suitability for groiolh of delicate bacteria. 

Two streptococcus strains, one pneumococcus and a gonococcus culture, were 
sub-cultured on papain-mutton and on papain-casein blood agar and incubated for 
48 hours. 

There was no appreciable difference in the amount of growth of the streptococcus 
and pneumococcus cultures on the two media. 

The morphology of both the streptococcus and the pneumococcus which were 
grown on papain-casein blood agar was t}^ical. The gonococcus culture showed 
a more profuse growth on papain-casein blood agar, and in Gram-stained smears the 
morphology was typical and indeed the characteristic appearance of the organism 
was better marked than in smears from a culture on papain-mutton agar which 
showed many pleomorphic forms. 

A test was also carried out to ascertain the length of time a delicate organism 
would live on papain-casein medium without sub-culturing. 

Three tubes each of papain-mutton blood agar and papain-casein blood agar 
were sub-cultured from a gonococcus culture. After 48 hours’ incubation, one 
tube of each was placed in the incubator at 37°C., one on the laboratory bench 
at room temperature (about 22°C.), and one in the frigidaire. After every 24 
hours sub-cultures were made from these cultures on to papain-mutton blood 
agar and papain-casein blood agar slopes and the inoculated slopes after being 
incubated at 37°C. for 48 hours were examined for growth. The results are 
noted below. 


A haemolytic streptococcus was also tested, keeping it all the time in the 
incubator and it was found to be alive after six days on both media These 
experiments show that papain-casein medium is suitable for the growth of 
these more delicate orgamsms. ® 
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Table V. 



Incubator. 

Room. 

Fbioidaire. 

Bate. 

Mutton. 

Casein. 

Mutton. 

! 

I 

t 

j Casein. 

Mutton. 

Casein. 

10-10-1936 .. 

1 

+ 

1 


i 

i 

[ ; 

— 

- 

11-10-1936 .. 

+ 

-t 

± 

1 

1 

! ± 

1 

— 

- 

12-10-1936 .. 

i 

i 


1 

Few scattered 
colonics. 

— 

i 

13-10-1936 .. 

1 

i 

-H 

-f- 

: — 

Do. 

— 

- 

14-10-1936 .. 

I 

+ 

1 


— 

— 

— 

- 


Note. f- indicates that a good growth was obtained. 

i Scanty growth. 

— No growth. 


Finally Loeffler’s medium was also prepared witli papain-casein broth basis in 
order to test its suitability for growing C. diphtherice. 

This organism grew profusely on the medium and stained smears showed that 
its morphology was as typical as in smears made from cultures on the ordinary 
Loeffler’s medium used in this Institute. 


(o) Suitability for the growth of bacteriophage. 

Two brews of cholera-dysentery bacteriophage for therapeutic use were 
prepared from papain-casein broth. The lysis in the flasks after 24 hours incu 
tion was quite satisfactory in the case of both the dysentery and cholera cu u 

flasks. 
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The results of the analyses of these to brews as compared with the three 
previous brews prepared in papain-mutton broth were as follows : — 


Table VI. 


1 

1 

1 

Brew number. ' 

Titro against cholera. 


t 

Titrc against 
dy.senterj-. 

Number of cholorn- 
phago types present 

in IQ— 1 dilution. 

i 

Number of 

choleraphage 

types present 

• io~10 

m 10 

dilution. 

480 (Mutton) | 

10"® + + + 

) 

|J 

rio-i2++4. ' 

' 8 

8 

487 (Mutton) . . j 

10"^“ A-h-h 

10 12-h-f-(- 

1 

7 

6 

488 (Mutton) ■ | 

10~® + + + 

10"*’ to 10" + + 

10"^^ -h 

i 

10-12-(.-l- + 

1 

1 

i 

1 

4 

489 (Casein) . . 

10-12 + + + 

10 ^ 

! 9 

5 

490 (Casein) . . 

10-12 4. + 4. 


1 8 

1 

7 


Note, h "t -i- 

-i--f ■ indicate degrees of lysis, (-f + = complete lysis.) 

+ 


Having shown that cholera-dysentery bacteriophage could be prepared in 
the papain-casein medium, a final test was carried out to ascertain whether the 
choleraphage types remained viable for as long a period in this medium as in 
Witte’s peptone water 1 per cent. 

The casein for the test medium was prepared from two samples of commercial 
casein, one, Merck’s and the other of local Indian manufacture. 

The three media, papain-casein broth (Merck’s), papain-casein broth (Indian), 
and Witte’s peptone water, were adjusted to pH 7 ‘8 and each was sown with the 
same dose of the same ’phage seed and cholera culture. After sowing, the flasks 
were incubated for 24 hours at 37°C. and the lysed products were filtered 
separately through L3 candles. 

Dilution tests of each filtrate were then put up and each dilution tube was 
filtered separately and tested for the choleraphage types present. The filtrates 
were then ampouled and the ampoules were stored in the incubator at 37°C. and 
tested at intervals of about a month, during the next six months,* 

Tables VII and VIII show the results of these tests. 


* From previous experiments carried out by us it was found that cholerapha<'e types died out 
much sooner at ZTC. than at room temperature or in the frigidaire. The ampoules were 
stored at 37 °C. to get rapid conclusive results ’ 


therefore. 




I 
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From the above tables it will be seen that both samples of casein medium gave 
somewhat better results than Witte’s peptone water, in that during the first three 
months of storage more tjqres died out in the peptone medium than in the papain- 
casein digest medium. 

SUJrMABY. ■ 

The test carried out on the papain-casein digest medium which we have pre- 
pared have shown that this is a satisfactory culture medium. It is the cheapest ^ 
medium so far produced in this laboratory and it is entirely non-objectionable. It 
is suitable for the growth of ordinary and delicate organisms, and it has also proved 
to be a very satisfactory mediiim for the preparation of therapeutic bacteriophage 
and cholera vaccine. Choleraphage types survived longer in this medium than 
in Witte’s peptone water and previous experiments had shown that in Witte’s 
peptone water choleraphage types survived longer than in papain-mutton broth. 

c ^ 
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A KNOW fully positive serum left over from the previous day’s test is used as 
a control in a day’s work. It has been recommended that a weakly positive serum 
should also be used as a control. Such a serum is not found frequently. The 
recommendation, therefore, is usually ignored. For testing the suitability 
of a new stock of antigen a known fully positive serum is again required. Some 
cautious workers test a new antigen with several positive sera left over from the 
previous day’s work. 

The senior writer commenced a study of the various antigens used in 
Wassermann reaction several years ago. One point concerning the positive control 
emerged during the course of the study. The positive serum varies in its power to 
fix complement within limits so wide that the ordinary positive control, of the usual 
1 in 5 dilution of a known serum, is a very poor measure for a quantitative reading 
of the reaction of the unknown sera in a day’s work and is utterly useless in 
comparing stocks of new antigens ; the antigens selected by such a standard may 
not be comparable even for qualitative work. In view of the importance of the 


♦ For Part II see Indian Journal of Medical Research, 17 , No. 4, 1930, p. 1161. 
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point and tlie possibility tliat it may be lost in the mass of observations on 
Wassermann antigen tins independent communication lias been decided upon. 

The degree of positiveness op a serum, as defined by (British) 
Medical Research Committee' (1918, now Council). 

The following notation is suggested in method number four : — 

(cf) Complete inhibition with 3 M. H, D., and 5 Jf. H. D. of complement 
= + '+■• 

(6) Complete inhibition with 3 M. H. D., partial inhibition wdth 5 M. H. D. 
= ■!■ ±- 

(c) Complete inhibition wdth 3 M. H. D., complete lysis with 5 M. H. D. = -f. 

(d) Slight lysis wdth 3 M. H. D. = ±. 

(e) Considerable lysis wdth 3 M. H, D. = ±. 

The writers after prolonging the final incubation to 30 minutes record the re- 
actions in accordance wdth the notation but report : — 
d- -f- as positive (or fully positive), 

+ ± and -f as wmakl}’’ positive. 

± and ± as doubtful. 

The writers also record ? — which is reported as negative. Between ± and ? — 
there is not much difierence. Both these reactions are judged by turbidity on the 
first day. Next daj^, after the tubes have been left in the cold" overnight, there 
should be a definite deposit of red blood cells in them and a distinct difference 
of colour between them and the negative control. If not, they are recorded 
as ? and reported as negative, 

Wyler (1929) in his modification of method number one ignores a trace of lysis 
in one of the tubes and reports a -f- in its place. His reports are : — 

-f- -b = strongly positive. 

-f = positive. 

± = positive in known cases of sj’philis and doubtful in an unknown 
case. 

Wyler also recognizes the fact that there may be some degree of inhibition o 
lysis in both tubes. He reads such reactions -f i depending upon >6 
inhibition. 

The writers also read T T as traces of lysis, both with 3 M. H. D. and 5 M. H- B. 
These reactions, along with those yielding some degree of inhibition of lysis m o i 
tubes, the senior writer had described (Greval, 1930), before 
became available in India, as ‘ irregular reactions ’ and classed them with dou 
reactions on clinical grounds. Since then he has observed similar jjg 

titrating, with their appropriate antigens by complement-fixation, 
sera produced in animals for therapeutical purposes (Greval, 1933a and o). 
also observed them in tropical diseases other than yaws, appearing 
appearing ivith the disease (unpublished work). He regards them wealr, 
and even non-specific, and is unable to assign them a value^ other lan 
(±). He is aware that they occur in treated cases of syphilis. 
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Two TYPES OF POSITIVE SERA DIFFERENTIATED BY THE USE OF A PLAIN AND 
A CHOLESTERINIZED heart ENTTIACT. TERSIS STRONGLY POSITIVE 
AND POSITIVE PROPOSED TO DISTINGUISH THEM. 

It is weil known that a plain alcoholic heart extract fixes less complement with 
a positive scrum than a ciioicsterinized heart extract. The writers find that it fixes 
complement, with a certain fraction of positive sera only. This difference is of such 
an order as to justify a division of the positive sera into two classes, (i) those which 
fix complement with plain iieart extract and (n) tliose which fix complement with 
cholesterinized heart extract outy. In a series of cases from the Carmichael 
Hospital for Tropical Diseases, Calcutta, studied e.speciallj' for another purpose, 
the following figures have so far been obtained ; — 


1 

i 

1 

Indians. 

1 Europeans, 
Anglo-Indians, 
and others. 

1 

Positive with plain heart extract .. 

i 

G 

i 1 

Positive with cholesterinized heart 
extract. 

j 38 

1 14 

Weakly positive 

' 1 

! 1 

DouhtCnl 

! 101 

32 

Anti-complementary 

1 G 

1 2 

Negative 

j 148 

1 

1 100 

1 

«*• 

Totai, 

i 300 

160 


In bloods received from venereal clinics the number of the sera fixing comple- 
ment with the plain heart extract is, of course, greater. 

When pooled in lots of six such sera will continue fixing complement with the 
plain heart extract on further dilution. Dilutions of I in 1 0 and 1 in 20 are found 
effective. With a cholesterinized heart extract their reaction is of a much higher 
order. Dilutions of 1 in 50, 1 in 100, and 1 in 200 are found effective. It is 
evident that the usual 1 in 5 dilutions of such sera will be fullj’^ positive 
irrespective of the quality of the antigen or the quantity of the complement, in 
spite of any irregularity in the titration of the reagents, and according to any 
method one chooses to employ. Therein lies the futility of using them, in the 
usual dilution of 1 in 5, as controls in a day’s work or in testing new stocks of 
antigens. 

The sera reacting with only the cholesterinized heart extract are in a different 
class. _ Their reaction weakens on further dilution rapidly. Most of them will 
react in 1 in 10, many in 1 in 20, some in 1 in 30, a few in 1 in 40, and onlv 
occasionally one in 1 in 50. ^ 

It is proposed to call the sera completely inhibiting haemolysis with the 
plain heart extract strongly positive (+ + and the sera completely inhibiting 
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hsemolysis with only cliolesterinized heart extract merely positive (-f- +). The 
serum in both cases is diluted 1 in 5. The M. H, D. of the complement is 4 in the 
case of the plain heart extract and 5 in the case of the cholesterinized heart 
extract. The_ difference in the dose of the complement depends upon the fact that 
while the plain heart extract is not anti-complementary at all the cholesterinized 
heart extract is anti-complementary to the extent of 1 M. H. D, The fiinctioning 
dose of the complement, therefore, is the same. 

Judged by the relation between the usual and the minimal quantity of the 
serum used in obtaining a fixation of complement, strongly positive sera of the 
writers are of about the same order as very strongly positive sera ofKolmer 
(1929). 

Iyengar (1919) at Kasauli introduced into the Method Number 4 another tube 
with 8 M. H. D. of complement. The positive reaction indicated by these tubes 
(with 3, 5, and 8 M. H. D. of complement) is also designated + + -f • From what 
has been said on the titre of the positive sera with respect to their reactions with 
the uncholesterinized and cholesterinized antigens, it is evident that the distinction 
so obtained betwmen a -f- -|- + and a -f- -j- reaction is not of the same order as the 
one advocated in the present communication. 

The difference between a ‘ strongly positive ’ and a ‘ positive ’ serum (as 
defined by the witers) in fixing complement with cholesterinized antigen is not 
one of quantity only. There are some positive sera (-f +) whose end point 
with cholesterinized antigen is the same as that of certain strongly positive sera 
(+ + +)) y6b bliey 6^ no complement with uncholesterinized antigen (plain heart 
extract) in a dilution of 1 in 5. There is, thus, a difference of quality also. 


Use op a strongly positive serum as a control in the day’s wmEK 

AND IN testing NEW STOCK OP ANTfGEN. 

Titrated controls. 

Six strongly positive sera are pooled and filtered through a Seitz filter. From 
the pooled serum dilutions of 1 in 10, 1 in 20, 1 in 50, 1 in 100, and 1 in 200 are made. 
The dilutions 1 in 10, 1 in 20, and 1 in 50 are put up with 4 M. H. D- of complenmn ■ 
and the plain heart extract, already in use, diluted 1 in 15 with saline. Ihe 
dilutions 1 in 50, 1 in 100, and 1 in 200 are put up with 3 M. H. D. and 5 M. H. • 
of complement and the usual cholesterinized heart extract antigen prepared m 
accordance with method number four. The dilutions put up with the plain hear 
extract will show complete inhibition of lysis in 1 in 10 or 1 m 20. , 

be no inhibition with 1 in 50. If there is, the serum is tested in higher 
the next working day. Generally a complete inhibition will be found only w 
the 1 in 10 or 1 in 20 dilution. Then it wdll be found that the corresponding 
fold or tenfold dilutions (1 in 50, 1 in 100 or 1 in 200) show a complete 
of lysis with the cholesterinized heart extract antigen already in use. ^ 
dilutions, now, will provide controls for the day’s work and for testing nev s 
of antigen at the stage of plain heart extracts. 

These titrations are done on a day when the titre of the 
reaction with the antigen already in use are optimal. _ On another day o p 
reactions further adjustment may be made and safe limits of dnutions g & 
required reactions determined. 
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For testing heart extract it is an advantage to go to the extreme limit of 
fixation so that some extracts maj’ yield a full fixation, others a trace of lysis and 
yet others a plus-minus reaction. The heart extracts yielding a full fixation are 
selected and others reiected. The usual dihrtions of the serum used are 1 in 10, 

1 in 15, 1 in 20, or 1 in 25. 

For the day’s work two dilutions are necessary, one giving a full fixation and 
the other a plus-minus reaction, with the cholesterinized antigen and the lower 
of the two doses of the complement. These dilutions are put up as controls 
instead of the known positive and weakly positive sera left over from the previous 
day’s work. The usual dilutions are 1 in 50 and 1 in 100 or 1 in 100 and 1 in 200. 
Occa.sionally they may be 1 in 25 and 1 in 50. 

The pooled, filtered, and titrated serum is kept on the bottom shelf of a 
refrigerator, as such in a corked tube, dried on a thick filter-paper (OT c.c. on half a 
square, 20 mm. x 20 mm., of Whatman filter-paper, such as is used in blood 
work) or diluted 1 in 10 in a stoppered bottle with saline containing 0-25 per cent 
phenol. It keeps well. It is not re-heated before use. 

The serum kept as such becomes anti-complementary after some weeks and 
may not be suitable for testing heart extract if the required dilution of it does not 
yield a complete- lysis in the serum control. For providing controls for the day’s 
work it will be available for months. One in 25, 1 in 50, 1 in 100, and 1 in 200 
dilutions of it will not be found anti-complementary in the serum controls. A 
sediment appearing in the preserved serum lowers its titre. 

The sera stored dried on filter-paper, in a bottle, kept in a desiccator which is 
left on the lower shelf of a refrigerator, stay effective for over a year at least. 

The serum diluted 1 in 10 with phenolized saline is the easiest to prepare, to 
use and to keep. The bottle is taken out of the refrigerator, shaken and the 
required quantity of the fluid removed with a clean pipette. Phenol in it does 
not interfere with the fixation of the complement. Its titre may fall once with 
the appearance of a sediment. Later, it remains constant at a lower level. 

The advantages of using a pooled strongly positive serum in the controls are 
that ; — 

(?) it is obtained from cases which are least likely to give a false positive 
reaction and are, therefore, most likely to be cases of syphilis. 

(n) its high titre makes graded dilutions, with wide gaps between them, 
possible. From them titrated controls can be obtained. 


The only consideration against the use of such a serum is that in a laboratory 
not called upon to do many Wassermann reactions enough sera of this class may 
not be available. They can be obtained from elsewhere, titrated locally for any 
depreciation in transit and stored. ' ^ 

Working u ith the titrated controls the writers have been studying the capacity 
of the complement for being fixed in relation to its type, titre, and dose, keeping 
the antigen constant, and the fixing power of the antigen in relation to its t^e 
titre, and dose, keeping the complement constant. These items will be discussed in 
future commumcations. The titrated controls employed, in experiments conducted 
alongside one s daily routine can and do supply as much information on these and 
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allied items as critical analysis of mass reactions involving thousands of cases. In 
fact they supply better information in as mucli as the experiments undertaken are 
repeatable and are repeated. 


Presumable signieioaece oe a .strongly tosti'jve (-bd -b) reaction 

IN the niAGNOSLS OF .SYPHILIS. 

A strongly positive reaction, as defined, may be and probably is merely an 
emphasized positive reaction. In tliat case its significance will be greater than 
that of an ordinary positive reaction. Piirther, it is likely that it disappears 
earlier than the ordinary positive reaction. That is why it is found more often 
in cases from venereal clinics than in cases from general liospitals. The following 
two cases from the series mentioned above, however, go counter to such 
assumptions : — 

Case 1. G. B., aged 9 j’cars, an American bo 3 ’, admitted to the Carmichael Hospital for Tropical 
Diseases, Calcutta, on 29th Jiilj’, 1937, sufFcring from low pj're.via of two to three months’ duration. 
Liver enlarged and firm. No other abnormalitj’. Onl}' positive finding a strongly positive W. E. 
No suggestive parental historj'. Father, mother, and brothers normal and their W. E. negative. 
No scars. Very good home. No possibility of interference bj’ servants. 

A course of eight bismuth injections given. Improvement after the second injection ; p3’re.vi3 
disappeared, weight increased, and size of liver decreased. Patient discharged on 15th September, 
1937, with advice to continue treatment. 

Examined again on 8th March, 1938, after eight more injections of bismuth. Liver still palpable 
and firm. General health very good. IV. B. completely negative. 

Was one dealing with visceral s}^hilis modified in the tropics or with a tropical 
disease so far unidentified ? One inclined in the beginning to the first view but 
now one inclines to the second. In less than a year 11 such eases have been 
collected with a positive or doubtful W. B. and no presumption of sj^philis. The 
W. R. of the patient under reference was + + +• Others gave weaker reactions. 
Total number of beds in the hospital is 106. Total number of patients admitted 
last year was 1,026. 

The patient in spite of his strongly positive reaction was in all probability not 
a case of syphilis. 

Case 2. JL, aged .50 j^ears, a Mohammedan iii.ale, admibfced to the hospital on 9th March, 1938, 
suffering from dehydration after a severe attack of diarrhoea. Historj' of previous similar 
Improvement in hospital rapid. W. 11.-1- + + on 11th March, 1938. Repeated on 1st April, U > 
and found + 1- ±. Scar on penis present. History' of sj'philitic infection 22 years previousl}'. 

The patient gave a strong reaction 22 years after infection. 


The danger of false reaction.^. 

Working with the titrated positive controls, kept constant for months together 
and expected to give readings of + ± and ± the miters find that the missing 

a wmakly positive reaction, following method number four, must be negligible m ee , 
if it exists at all. They have worked for over a year with controls obtained irpm 
lots of six pooled serai The dilution of the pooled sera giving a + ± xeacnoi 
with the cholesterinized antigen has been of the order of 1 in 200 to 1 m -^o. 
dilution giving a ± reaction has never been below 1 in 50. Changes in t e yp 
of the complement, prolonged incubation after adding red blood cells sue as 
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iu Calcutta in tlic liot weather at room temperature, and the possible prolonged 
action of the complement when the racks are left in a refrigerator overnight, have 
never succeeded in altering the expected reactions of the controls. A + ± control 
has remained + ±. A ± control has only varied with regard to the degree of lysis. 
It has never become negative. 

Dilutions made from positive sera (+ +, giving reaction with cholesterinized 
antigen only) have been equally satisfactory. A serum of this class must as a rule 
be diluted to considerably more than a 1 in 10 before its reaction changes. 

The risk of reading a reaction plus instead of plus-minus, on the other hand, is 
considerable until the red blood cells have gravitated leaving on top clear fluid in 
which traces of lysis can be definitely excluded. 

A glance at the figures giving proportion of strongly positive, positive, doubtful 
and negative reactions in an unselected hospital population will show that the 
positive rate of the -writers is lower than that of previous workers on the subject. 
The point, however, will not be discussed in the present communication. 


SUMSIARY. 

1. Wasserruann positive sera giving a -f + reaction (Method No. 4- of the 
British Medical Research Council) in the usual dilution of 1 in 5 may give the same 
reaction even when diluted 1 in 200. Such sera are faulty as controls in a day’s 
work and utterly useless in testing new stocks of antigen. 

2. It is possible to separate the positive sera into strongly positive (-(- + -f ) 
and positive {-!-+) by testing them -with uncholesterinized and cholesterinized 
heart extract. Only strongly positive sera react with the former. They differ 
from positive sera quantitatively as well as qualitatively. 

3. Strongly positive sera can be pooled, titrated, and preserved. Known 
dilutions made from the pooled serum can be used as controls in a day’s work and 
in testing new stocks of antigens. They are titrated controls. 

4. Problems needing critical analysis of mass reactions involving blood 
reactions of thousands of cases can also be solved by using titrated controls as 
constants. 

• ■ 5. A strongly positive reaction does not, at least under tropical conditions, 
always strengthen a presumption of sjq)hilis, though usually it does so. A strongly 
positive reaction probably occurs in secondary syphilis and in the early stage of 
infection. It may, however, be found 20 years after infection. 

6. As shown by titrated controls slight variations in procedure, intentional 
and unintentional, are not likely to give false negative readings. There is always 
a risk, however, of obtaining a false positive reading, unless the possibility of traces 
of lysis in the tubes is definitely excluded. 


Grevai., S. D. S. (1930) 
Idirn, {1933a) 

Idem (1933&) 

Iyenqab, K. R. K. (1919) 
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EXPERIMENTAL STUDIES TO C4UIDE THE SELECTION OF THE 
MOST SATISFACTOEY TYPE OF ANTI-WELCHII SEEUM 
FOR THE PREVENTION AND TREATMENT 
OF GAS GANGRENE IN MAN. 


BY 

D. C. LAHIRl, M.I5., H.T.M. & H. (Bng.). d.b. (Loncl.). 

{From the Scrum Department, Bengal Immunity Research Laboratory, Calcutta.) 

[deceived for publication, June 6, 1038.] 


The problem of the proper selection of tlie most satisfactory type of anti-welchii 
serum is a verj" complex one. The disease is due to the invasive power of the organ- 
isms, as well as to the action of toxins produced by them. Hence it appears that a 
serum to be of use should be able not only to neutralize the specific toxins, but also 
to protect against the invasive action of the organisms. Or, in other words, a serum 
to be of use in protecting against a natural infection in man must contain antitoxins 
and also antibacterial antibodies against the surface antigens of all the possible 
types of Cl- welchii. 

A consideration of the mode of development of gas gangrene in man raises 
some doubt regarding such a conclusion. As quoted by Topley and Wilson (1936) 
from Special Report (Medical Research Council, 1919) ‘ The disease begins, not 
when a wound has become infected with the pathogenic anserobes, but from the 
moment when a group of these bacteria have been enabled to surround themselves 
with a toxin sufficiently concentrated to abolish the local defences of the tissues 
If so, then a sufficient concentration of antitoxin present in and around the site of 
infection should at least be able to prevent the beginning of the disease, if not cure 
it when already begun, by the neutralization of the toxins as soon as they are formed, 
thus allowing the local defence mechanism to deal with the infection. Antibacterial 
antibodies alone do not seem to be useful for this purpose. 

On the other hand, Robertson and Relix (1930) and Henderson (1934, 1935, 
1937) have found that a specific antibacterial immunity can be established against 
experimental infection with Cl. septique. They prepared protective sera in rabbits 
against the heat-stable ‘ 0 ’ antigen and (Henderson, 1935, 1937) also against a 
formolized unheated culture and showed that such sera were more powerful 
than an antitoxic serum in preventing the development of gas gangrene induced in 
experimental animals (guinea-pigs and mice) by the inoculation of ‘ activated ’ 

( 401 ) 
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spores. Tliougli they have worlced witli Cl. sejitique, the result appears to have 
some bearing on the present problem, because the mode of disease production is the 
same with Cl. sepliqiie and Cl. welcMi. The disease syndromes produced by them 
are also similar. 


This eonflict of -ideas naturally raises the question, Avhether antitoxic or anti- 
bacterial serum alone, or a eombination of both, should be used for the prevention 
and treatment of gas gangrene in man. A tentative answer to this question has 
been attempted in this paper, by comparing the protective powers of the two types 
of sera against an experimental infection of laboratory animals with Cl. mkhii. 


That is not the only problem. In the preparation of a suitable antitoxin, one 
has to consider the fact that toxin-antitoxin neutralization experiments made in 
relation to elassical Cl. welchii and other closel}^ resembling organisms isolated from 
diseased sheep and called the lamb dysentery bacillus (or agni variety of Cl. loelchii), 
Cl. paludis, and Cl. ovitoxicus, have shown that these organisms produce exotoxins 
which clearly differ from one another in antigenicity and some other characters 
(Mason et al., 1931; Glenny el al., 1933). On the basis of the factors named W, X, 
and Z, present in the toxins liberated by those different organisms, Wilsdon (1931, 
1933) has classified the strains of Cl. ivelckii into t}q)es A, B, C, and D, corresponding 
respectively to the tvelchii lamb dysenter}'-, palvdis, and ovitoxicus types of organism. 
Toxin of tire type A contains the factor W, of the type B the factors WXZ, of the 
type C the factors WZ, and of the type I) the factors WX. 


Weinberg and Guillaumie (1937) have shown that with the exception of .toxins 
of types B and C, either of which produces both the antitoxin B and the antitoxin 
C in horses, almost in equal amounts, the other antigens produce only the corres- 
ponding antibodies. So that in the preparation of a ‘ holoserum ’ (the term proposed 
by Weinberg to indicate a serum prepared against the organisms of the same species, 
whereas the term ‘ poljwalent serum ’ should be used to indicate one prepared 
against the organisms of different species) either a mixture of toxins of types, 
A, B, and D or that of toxins of types A, C, and D may be used. A serum 
prepared against a strain of classical Cl. tvekhii contains only the antitoxin A. 


Now, it has been shown by Borthwick (1935) that protection by monovalent 
sera, against experimental infections with different types, depended on the ability 
of the serum to neutralize the homologous toxin. An exception to this general ruie 
was the power of the serum prepared against toxin of the type A and the conmer- 
cial anti-welchii serum to protect against infections by organisms not only or t e 
type A, but also of the type D, although the protecting sera were able to 
toxin of the t^e A only. He stressed the practical importance of the inabiu y o 
the commercial antisera to protect against infectious of types B and C, or o 
considered that there was no theoretical reason why the t3pes B and C 
also produce disease in man, as toxins of those types also contain some of m 
constituent, which is the only factor present in toxin of the type A, the recogn z 


causal agent of gas gangrene in man. 

Should the polyvalent antitoxin be prepared and used instead of a 
anti-welchii serum containing antitoxin A only % A definite answer to 
cannot be given at present. If it is proved beyond doubt that the type A o a . 
arS ody causal agents of the disiase in mni, then the use of polyvalent antrtoOT 
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bccotues superfluous. However, one tiring lias been made clear by Weinberg and 
Guillaumie {loc. cil.), that the power of the polyvalent antitoxin containing anti- 
toxins A, B, C, and D, in protecting against an experimental infection withi the 
type A organisms, is the same as that of the monovalent anti-welchii serum. 
Hence it appears to be of no advantage to use a polyvalent serum if organisms of 
tj-pcs other than the type A arc not recognized to be causal agents of the disease 
in man. 

Another fact deserving consideration is that toxin of the type A shows three 
different biological effects ; hamrolysis, a necrotic effect, and a pharmacological 
effect. All of them are of importance in the pathogenesis of the disease in man. 
Hremolysis is responsible for anaemia. The necrotic effect helps the invasion of the 
tissues by the organisms, as the lowered oxidation-reduction potential in the 
necrosed areas, whose normal oxygen supply is cut off owing to stoppage of the 
circulation in the damaged vessels of the necrosed areas, favours multiphcation of 
these anaerobic organisms, which while growing liberate more toxin to maintain 
the vicious circle. The pharmacological effect causes rapid death. Hence a 
therapeutic serum should be able to neutralize all those effects of the toxin in equal 
degrees, in order to offer a perfect protection against the disease in man. Do 
the commercial anti-welchii sera prepared in horses against the type A organisms 
fulfil this condition ? Experiments which answer this question are described 
in this paper. 

These are perhaps only some of the most pressing questions in the proper selec- 
tion of a satisfactory type of anti-welchii serum for the prevention and cure of a 
natural infection in man. 

The following experiments have been undertaken to bring some evidence to 
guide the proper selection of such a serum. 


Kulative peotective powees of antitoxic and antibacteeial sera 

AGAINST EXPEEIMENTAL INFECTION. 


Technical. 


Antitoxic serum was prepared in a horse at first with formol toxoid and then 
with pure toxin of a strain of classical Cl. %velchii. The serum used for the experi- 
ment contained about 200 International Units of antitoxin per c.c. 


Antibacterial serum was prepared in a horse at first with 18 hours’ culture of 
Cl. ivchliii in veal-peptone broth, killed by heating at 56°C. for 30 minutes and later 
on with living cultiues given intravenously, the final dose consisting of about 50 000 
million organisms (by opacity), this being repeated till a satisfactory titre was 
obtained. The serum used for the experiment agglutinated a standard killed 
suspension of Cl. ivelchii in a dilution of 1 in 800, and also contained about 20 
International Units of antitoxin per c.c. 

The sera were preserved with O'd per cent phenol and stored at 0°C. to 2°C. 


, bacterial suspension was prepared as follows : The organisms (Cl 

of the same strain as used for the preparation of antibacterial serum were 
grown in cooked meat medium for 5 hours at 37°C. 


serum were 
The supernatants were 
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collected in sterile centrifuge tubes and centrifuged. The supernatants were 
pipetted olf, the deposits re-suspended in sterile Kinger’s solution, and centrifuged 
again. The supernatants were again pipetted off and the deposits finally suspended 
in Binger’s solution to match the opacit}’- of a standard suspension of 1,000 million 
B. coli per c.c. 

Eepeated experiments proved that 1 c.c. of such a suspension injected in the 
pectoral muscles always killed a pigeon of about 300 g. weight within 24 hours. 


Experimental. 

A. Protection against immediate experimental infection. — The experiment was 
done on ten consecutive days. Each day four groups of two pigeons each were 
used for the experiment. The pigeons w'erc of the same breed and nearly of the 
same age and weight. The same samples of antitoxic and antibacterial sera were 
used every da 3 ^ But the bacterial suspension was prepared fresh every day, using 
the same stock culture for every day’s subculture and following the same procedure 
each day. 

The protective sera were injected in the pectoral muscles of the left side, one 
hour before injection of the bacterial suspension. Pigeons of group A were injected 
with 1 c.c. (200 I. U.) of antitoxic seaim ; those of group B wnth 0'6 c.c. (100 I. U.) 
of antitoxic serum ; those of group C with 3 c.c. of antibacterial serum, also 
containing 60 I. U. of antitoxin; and those of group D with 1‘5 c.c. of anti- 
bacterial serum, also containing 30 I. U. of antitoxin. 

One hour after the injection of the protective sera, 1 c.c. of bacterial 
suspension was injected into the pectoral muscles of the right side of each of the 
pigeons. 

The interval of one hour was found to be necessary even for testing the 
immediate protective action, as otherwise such a rapidly growing organism almost 
completed its action before the protective sera Avere absorbed to any effective 
extent. 

The pigeons w^hich succumbed usually died in about eight to ten hours, 
excepting a few which died later. Those which did not die Avere usually apparently 
healthy after 24 hours. 

The result is recorded according to the survival rate^ in different groups 
of pigeons protected with different amounts of antitoxic and antibacteria 
sera (Table I). 

B. Protection against delayed experimental infection. — ^For this purpose two 
oTOups of five pigeons in each group were used. Pigeons of group A weremjec e 
with 0’4 c.c. (80 I. U.) of antitoxic serum and those of group B were mjec 
with I'O c.c. antibacterial serum also containing 20 I. U. of antitoxin per c-c- 
the pectoral muscles of the left side. On the fourth day after injection ® 
protective sera, each one of them was injected Avith 2 c.c. 

prepared from the same stock as used in the previous experiment and c 

the same procedure as before. 

The experiment Avas repeated. 
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Table I. 

T/ie relative vahic of antitoxic and antibacterial sera- in the froteciion 


against an immediate experimental infection. 


\ 

1 

Day. 1 

1 

Group A 
(2 pigeons) 
protected 
with 1 o.c. 
antitoxic 
Bcrum. 

Group B 
(2 pigeons) 
protected 
with 0‘5 c.e. 
antitoxic 
scrum. 

Group C 
(2 pigeons) 
protected 
u’ith 3 c.o. 
antibacterial 
serum. 

Group D 
(2 pigeons) 
protected 
with 1'5 c.c. 
antibacterial 
serum. 

1st. 

O 

2 

1 

0 

2n<l 

o 

1 

2 

1 

3rd 

2 

1 

2 

0 

4tli 

2 

2 

1 

0 

5th 

1 

1 

0 

0 

6th 

0 

o 

1 

0 

7th 

2 

1 

2 

1 

8th 

2 

2 

1 

0 

9th 

2 

2 

1 

0 

10th 

2 

1 

2 

0 

Total s arrival 

19 

15 

13 

2 


The result is recorded in survival rate in two groups of pigeons protected 
with antitoxic and antibacterial sera respectively (Table II) : — 


Table II. 

The relative value of antitoxic and antibacterial sera in the 
protection against a delayed experimental infection. 


Day. 

Group A 
(5 pigeons) 

• protected 
with 0'4 c.c. 
antitoxic 
serum. 

Group B 
(5 pigeons) 
protected 
with I'O c.c. 
antibacterial 
serum. 

1st .. j 

5 

0 

2nd 

3 

1 

Total survival . . 

1 

10 

1 
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The results of botli these experiments signify that in a suitable dose antitoxic 
seruni alone can protect an animal against both an immediate and a delayed 
experimental infection 5 and that the protection offered by an antitoxic serum 
is significantly better than that by an antibacterial serum, when compared 
volume to volume. ^ The interpretation of a better protection offered by higher 
doses of antibacterial serum used in these experiments is rendered difficult 
owing to the simultaneous effect of moderate amounts of antitoxin present in 
the sera. 

far these results are applicable in the protection against a natural 
infection in man cannot be settled by a trial of these sera in a few scattered cases of 
peace-time infections. Also the result obtained by a trial of these sera in protection 
against peace-time infectious may not be applicable for controlling war-time 
infections. Peace-time and war-time infections appear to be of a different nature, 
as has been discussed by Aschoff (1938) ; their means of control may also require 
to be different. 


Power of the commercial anti-welchii serum to neutralize all 

THE THREE EFFECTS OF THE TYPE A TOXIN EQUALLY. 

The accepted methods for the particular type of toxin-antitoxin titrations are 
mice protection tests and intradermal tests in guinea-pigs (Hartley and White, 1935 ; 
Walbum and Reymann, 1935). In the present series of experiments, sheep cells 
were used for the study of the haemolytic effect ; rabbits were used for the studies on 
the dermo-necrotic effect ; and pigeons for the pharmacological effect of toxin of the 
type A, and the power of the commercial sera to neutralize those effects. 


Technical. 

Preparation of toxin-hroth . — Type A Cl. loelchii was grown in veal-peptone- 
broth containing a few pieces of ox-liver for 18 hours at 37°C. ; the broth was filtered 
and precipitated with ammonium sulphate, the precipitate was re-dissolved m 
distilled water and dialysed against running tap-water for three days at 0°C. to 2 C. 
The partially purified and concentrated toxin-broth was stored in sealed ampoules 
in the ice-chest, after filtration through Seitz E. K. pads. No_ preservative was 
used. In this condition, the biological properties of the toxin-broth remained 
fairly constant over a long period. 

Determination of the test doses of the toxin . — The Lj^, L^,, and doses of 
the toxin representing respectively the residual _ haemolytic, necrotic, and 
pharmacological effects of the toxin, were determined by the usual metno s 
against a standard serum. 

Preparation of anti-ivehhii serum . — Increasing doses of formal toxoid and_ later 
on unaltered toxin injected subcutaneously with simultaneous 
tion of heat killed and later on living cultures of the type A 01 welclm wer 
for the preparation of anti-welchii serum in the horses. Horses 
satisfactory titre were obtained and plasma from a number of horses w 
toted and purified in a lot by the method of Sibson and Baualiaf (1910). 
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Experimental. 

Different lots of concentrated anti-welclni sera were titrated against Lj^, L^, and 
L_^ doses of the stock toxin. The same technique as used for the determination 

of those doses of the toxin against a standard serum was used, keeping the toxin 
constant and varvin" the amounts of serum. The result is expressed in units of 
antitoxin, neutralizing the particular effect of toxin against which a serum is 
titrated, present per e.c. of the concentrated scrum of each lot (Table III) ; — 


T.\ble III. 

Comparison of the power of conmerciaJ anii-welchii sera in nCniralizinp 

the larioiis toxin effects. 


Serum lot 
number. 

Units antitoxin 
against hemolytic 
effect. 

Units antitoxin 
against necrotic 
effect. 

Units antitoxin 
against pharma- 
cological 
effect. 

1 

1 

1 1 

1 

1 

1 

800 

800 

7.50 

0 

1,000 

000 

1,000 

3 

1 7.50 

00 

o 

o 

750 

4 

1 

1 000 

700 

600 

5 

800 

850 

850 

G 

850 

000 

800 

1 


Hence the ability of each of the six lots of serum to neutralize the three 
different effects of toxin of the t}q)e A was found to be almost equal. It is 
a common experience that the same horse reacts differently to different antigens ; 
as, for instance, Weinberg and Guillaumie (loc. cit.) observed that the injection of a 
inixtuie of toxins of the different types of Cl. welchii in equal proportion evoked 
different grades of response against the various toxins in the same horse. So, in 
this particular case, had the different biological effects of toxin of the type A been 
due to different antigenic components, it might have been expected that in each 
lot of serum a difference in the power to neutralize each different effect of the toxin 
would have been demonstrated. Moreover, toxins of different lots, prepared at 
different times, were used for immunizing each horse ; if they contained a number 
of antigens in each lot. it is quite natural to suppose that their composite antigenic 



408 


Selection of Anti-WelcJiii Serum, for Gas Gangrene. 


properties were different eacli time. So, different degrees of stimulus, by each single 
antigenic component of toxin, present in different amounts, at different times, 
should liave evoked different grades of response against each component at .different 
times. Or, in other words, dift’erent titres of neutralizing substances against each 
of the effects — had thej’’ been due to so many different antigens — should have been 
expected. But it was not so. Therefore, it may be concluded that the different 
biological effects of the toxin of the tj^e A are due to one antigenic substance only, 
so that all of them can be neutralized by an antibody against any one of them. 


Discussion. 

_ Anti-gas gangrene serum on the market to-day consists of anti-welchii, 
anti-vibrion septique, anti-oedematiens, and also anti-histolyticus serum— the 
protective power of each component being measured in units of antitoxin, which 
are internationally accepted. These sera are prepared individually and then 
mixed together, thus making the total volume of the serum necessarily a 
big one. 

If, as a result of experimental studies, it is found necessary to add to the 
present serum antibacterial sera prepared against each organism in a suitable way, 
it will increase the bulk more if, as is perhaps quite likel}’’, these have to be prepared 
separately. And the climax will be reached if, to this bulk, it is found necessary 
to add the antitoxins against the other types of Cl. wekhii, as most possibly these 
also will have to be prepared separately. The reasons for that are twofold. 
Firstly, as according to Weinberg and Guillautuie (loc. cit.) simultaneous injection 
in equal amounts of toxins of the types A, B, and D, necessary for the preparation 
of a polyvalent antitoxin, produces different and varying titres of antitoxins m 
the same horse at different times, it seems to be necessary to prepare each antitoxin 
in a different horse, in order to maintain a uniform proportion of each antitoxin in 
the mixture prepared for use in man. Secondly, according to the observations ot 
Glenny and Waddington (1926, 1928), that in the production of antitoxins, the 
simultaneous injection of several antigens may considerably reduce the titre ot 
antitoxin obtained, toxins of different antigenic t}q)es should not be injected 
simultaneously lest one of the antigens present in small amounts be ‘ crowded 
out ’. 

This prohibitive bulk may render the use of anti-gas gangrene serum in the 
prophylaxis and therapy of the disease in man difficult. It is impossible _ to loie- 
tell which particular type of organism may invade a man exposed to the risk, nor 
is it easy, in the present state of our knowledge, to find out definitely the t}q)e ot le 
organism causing the disease in man, during the short duration of the disease^ 
Under these circumstances there appears to be no alternative but to use a mix ur 
of all t 5 ’’pes of sera, irrespective of its bulk, if in field trials all of the coraponen .s 
the mixture prove to be necessary for offering the best protection against the ise 

in man. But if some of them are found to be unnecessary, as, for ms an . 

antibacterial sera prove to offer no better protection when added to the ' 

or the types B, C, and D of Cl. ivelchii are not recognized to be g 

of gas gangrene in man, after extensive field trials, then the 
gangrene serum may prove to be sufficient, provided that no other fresh g 
are incriminated 
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It is thus to be clearly understood that carefully devised field experiments 
alone may settle the issue. 

Summary. 

Experiments are described, the results of which show that ; — 

1. In a suitable dose, antitoxic anti-rvelchii serum can protect an animal 
against both an immediate and a delayed experimental infection. 

2. The protection afforded by an antitoxic scrum is significantly better than 
that by an antibacterial serum, Avhen compared volume to volume. 

3. An antitoxic serum prepared against the toxin of type A Gl. icclchii can 
neutralize all the biological effects of the toxin in equal degrees, namely, its haemo- 
lytic, necrotic, and pharmacological effects. 

The problem of the proper selection of the most satisfactor}’^ type of anti-gas 
gangrene serum for use in man is discussed. 
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THE BASAL METABOLISM OF INDIAN AND EUROPEAN 
MEN ON THE NILGIRI HILLS (S. INDIA). 

BY 

K. RAJAGOPAL. 

{N^ifridon Research Laboratories, L R. F. A., Ooonoor, S. India.) 
[Received for publication, June 30, 1938.] 


Orr (1938) lias very recently pointed out that the trend of investigations on 
the qualitative side of nutrition problems has overshadowed the quantitative, so 
that there is the fear of belittling the importance of energy requirements. The 
Technical Commission of the League of Nations (1936) has also recommended new 
standards for ‘ standard metabolism ' . The determination of the basal metabolism 
is the starting point for calculations of the energj' requirements of an individual. 
So far as the European races are concerned the standards have been determined, 
c.g., by Harris-Benedict and Aub-duBois in America, and by Dreyer in England. 
Investigations in the tropics by several workers [first by de Almeida (1920) in 
Brazil, and recently by Mason (1934) and Mason and Benedict (1931) in India, 
to mention only two] show generally a lowered basal metabolic rate. Two 
separate factors might be responsible for these low values, namely, the climatic 
and the racial. An opportunity occurred in Coonoor to determine the basal 
metabolism on Indians and Europeans to elucidate the two points in regard to the 
energy output. 

Previous work in India is summarized in Table I given below. 


Subjects of this invesiigaticn. — Twentj--six Indian men. mostly laboratory 
workers and assistants, and medical men are classed into two groups. The first 
17 are residents on the hills (in Coonoor, 6,000 feet above sea-level) for not less 
than three years. The last nine of the 26 form group II, who were resident 
in Coonoor foi one and a half to two months. The Indian group consisted 
predominantly of Telugus and Tamils with a few North Indian Hindus. The 
majority of the Indians are vegetarians, and even the few non-vegetarians 
partake of meat very sparingly. The ages ranged between 22 and 44 years 
with one aged 52, the average being 31 years. 


The European group consists of 20 subjects, the first two are from the labora- 
tory staff the remaimng 18 being medical orderlies in a Military Hospital near 
Coonoor (Wellnygton). In this group the ages varied between 21 and 27 years with 
one aged 39. The average age was 25 years. The hospital orderlies were on the 

( 411 ) 
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lulls for five months and had seen service in India for not less than one year. 
One of the laboratory staff was in Coonoor for only two' and a half months 
since arrival from England. 

The metabolism of the' Indians investigated can thus be compared with that 
of Europeans, under identical climatic conditions, to throw light on any racial 
factor affecting basal metabolism. 

Technique. — Benedict-Koth metabolism apparatus with rubber-flutter 
valves, and kj-mograph equipment (from W. E. Collins, Boston) was used. By 
special request, a millimetre scale was fixed to the upright, so that the excursions of 
the pointer attached to the counterpoise of the spirometer bell could be read off on 
the scale. Robertson (1937) has shown that the Benedict-Roth apparatus is 
as accurate as the open methods, and it has the further advantage in that the test 
could be accomplished more rapidly, and that there is a means of checking for a leak 
as the test proceeds. He has shown also that the assumption of a respiratory 
quotient of 0'82 in the calculations does not introduce any error, rather it is to be 
regarded as a correction. 

The soda lime used to absorb carbon dioxide was frequently dried, and one 
filling of the can was never used for more than 70 tests. Rubber mouthpiece and 
noseclip were used. 

All the tests were done between 7 a.m. and 9 a.m. during the months 
of October, November, and December 1937, and January, Februarj% and 
March 1938 ; that is during the winter and spring seasons. The average 
temperature of the room and hrrmidify are given below ; — 


Month, 

1937. 

Temperature, 

'C. 

Humidity, 
per cent. 

Month, 

1938. 

1 Temperature, 
‘’C. 

Humidity, 
per cent. 

1 

October 

18-3 ^ 

78 

January 

16-7 

70 

November . . 

17-5 

80 

February .. 1 

16-7 

73 

December 

17-3 

75 

Marih . . j 

17-2 

67 


The nature of the test was explained to each subject before carrying it 
out on him. In the case of the laboratory staff and assistants and doctors, 
the tests were made in a quiet room on the ground floor of the laboratory. 
Those who were within five minutes’ walk to the room came to the experimentai 
rooni walking in the morning with an empty stomach (at least 12 hoxra after the 
previous meal) and lay on the bed without movement, covered with a blanket 
for 30 to 60 minutes. In the Military Hospital at Wellington the subjects had 
their high tea at 5 p.m. to 6 p.m., slept in a room in the hospital itself, and as soon 
as they awoke in the morning walked into another room in the hospital where the 
apparatus was kept and had a preliminary rest of half to one hour. In Coonoor 
only one subject a day was tested up to Nos. 1 to 17. The subjects. Nos. 18 to 
26, were tested two a day. In the Military Hospital in Wellington two subjects 
were tested every day, one taking preliminary rest in bed while the other was 
being tested. On each subject three trials lasting 9 to 10 minutes each were done 
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tlie reading of the pointer on tJic scale read off every minute,. Avhile the pen traced 
the respiration curve on the kymograph drum (witli a time recorder). During the 
course of each test the weight was placed on the spirometer bell for two minutes 
to make sure there was no leakage. At least three pulse counts were made, using 
a stop-watch during the course of a test. The readings of the pointer on the 
imllimetre scale were plotted _ against the number of minutes and a straight 
line^ to pass through the majority of points was drawn and the difference in 
millimetres for eight minutes were used for the calculation of oxygen consump- 
tion (1 mm. drop of the spirometer bell — 20-73 c.c. of oxygen, assuming 
E. Q. = 0-82 and 4-825 calories the heat equivalent of one litre of oxygen 
consumed). 

The kymograph records were used to calculate directly the output of calories 
per hour (the calibration of the apparatus is such, that the trend of the slope of tlie 
curve measured in millimetres in a six-minute spacing is equivalent, for the same 
number, to calories per hour). The slope is determined by using a celluloid ruler 
and drawing a straight line to pass through as many points as possible on the lower 
border of the curve. The tests rvere repeated on at least two days in each case, and 
there were some on whom the tests had to be repeated on three to four days to get 
the lowest metabolic rate. The investigation was considered satisfactory when the 
values for oxygen consumption of two tests on the same day for a subject agreed 
within 3 c.c. to 4 c.c., and when these calculated as calories per hour approximated 
within 5 per cent tire calories calculated from the kj^mographic record. The 
lowest value of oxygen consumption and heat output per hour have been used to 
work out the deviations from the predicted standards. This is to be preferred 
to the averaging of values. Three hundred and eighteen tests were carried 
out in all on 40 men. 


Physical characteristics of subjects. 

Table II shows some of the physical measurements taken on the subjects. 

In the Indians, the average height wms 168 centimetres, sitting height (follow- 
ing Dreyer’s direction) 84 centimetres, weight without shoes (weight of clothing 
deducted) with an empty stomach 56-0 kilograms. The surface area was 1’61 
square metres on the average. The corresponding figures for the European group 
are 173 centimetres, 89 centimetres, 62-2 kilograms, and ]-73 square metres. 
Thus the European group is apparently of slightly larger physique. 

Pelidisi . — Pirquet’s pelidisi is calculated according to the formula— 

3 multiplied by 100. It is considered that for Europeans 

V sitting height in cm. ^ t ont 

a figure somewhere near 97 or 98 is normal. This index is supposed to repres n 
the state of nutrition, values below 90 show a low state of nutrition or very t in 
subjects and that over 100 represents a fat person. In the subjects of the presen 
study, among the Indians only two showed a pelidisi of less than 90, me o 

24 had the value between 91 and 112, the average for the whole group being • 

N'o European subject has a pelidisi less than 91, the range was 91 to i > 
average of 20 being 97, so the state of nutrition evaluated according to this 
in both Indians and Europeans agrees well and can be taken as norma . 



Table II. 

Physical characterislics of siibjects sludicil. 
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Some physiological characteristics. 

Data were collected on the subjects for month temperature, pulse rate, 
respiration rate, and oxygen consumption. These are presented in Tables III 
and IV : — 


Table III. 


Pliysiotogiml characteristics of subjects' studied. 
Indians. 


1 

i 

] 

Subject number. 

! 

i 

1 

Average mouth 
temperature, °F. 

1 

Pulse bate ! 
PER JIIKUTE. 

Respirations 

PER JtTNUTE. 

Oxygen con; 

JUNOTE 

Average. 

i 

1 

Average. 

(i) 


j 

1 

i 

j 

98-1 ' 

69 

IS 

191 


2 

97-8 

58 

17 

180 


3 

97-4 

66 

18 

196 


4 

96-7 

56 

23 

176 


5 

1 96-6 

64 

11 

189 


6 

1 97-7 

60 

16 

189 


7 

97-3 

58 

13 

172 


8 

• 97-9 

63 

14 

176 


9 

97-5 

59 

16 

201 


10 

97-6 

50 

20 

204 


11 

97-3 

73 

15 

208 


12 

97-9 

69 

19 

205 


13 

97-9 

63 

10 

210 


14 

97-5 

58 

25 

202 


15 

97-4 

60 

15 

186 


16 

98-1 

53 

18 

199 


17 

97-6 

65 

17 

196 


18 

97-8 

62 

18 

211 


19 

97-5 

65 

11 

188 


20 

97-3 

67 

15 

213 


21 

97-5 

71 

18 

195 


22 

97-1 

62 

11 

214 


23 

97-2 

49 

13 

201 


24 

97-1 

60 

9 

188 


25 

97-0 

64 

12 

183 


26 

97-2 

59 

14 

209 


f Group I { 1-17) 

97-5 

61 

17 

1 

j Averagej 



1 



1 

1 of lo'westj 

Average ■ 

' Group II (18-26) 

97*3 

62 

13 


f value ini 







! c.c. ( 


1 1-26 ! 

i 

j 97-5 

i 

62 

16 





•(ii) 


•190 

177 
192 

178 
■182 

185 

170 

174 

198 

195 

210 

206 

209 

205 

178 

195 

187 

190 

187 
208 
185 
216 
200 
183 

188 
200 


190 

190 

192 
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Table IY. 

Physiological characteristics of subjects slxulied. 


Europeans. 


Subject * 

number. 

Average mouth 
temperature. 

POLSE BATE 
PEB MIKCTE. 

Respibatio' ! 
BATE PEB 
MINUTE. 

OXNGE'N COESEOTTIO^^ PEB 

minute in C.C. 

“F. 





1 


Average. 

Average. 

(0 

1 

(tr) 


07'1 

08 

15 

1 

235 

233 

o 

97*1 

54 

10 

202 

202 



53 

11 

230 

242 

A ' 

97-0 

49 

15 

233 

229 

5 . 

6 1 

97'(> 

G-2 

10 

210 

214 


58 

6 

240 

238 

7 1 

97-4 ! 

66 

18 

232 

224 

s 

97-4 i 

58 

15 

252 

249 


96-9 

55 

19 

226 

227 

10 

97-0 

50 

19 

240 


11 

97-7 i 

51 

13 

218 

215 

12 

13 

97-4 1 

97-.0 

51 

GO 

7 

23 

199 

218 

202 

221 

U 

97-1 

60 

13 

222 

218 

15 

97-0 

59 

12 

228 

227 

16 

97-3 i 

44 

19 

233 

236 

17 

97-2 

50 

18 

198 

204 

18 

97-5 

60 

19 

240 

251 

19 

1 98-1 

59 

16 

248 

248 

20 

i 97*9 

i 

59 

16 

206 

208 

Average 

1 97-4 

1 

1 

56 

15 

Average of low est^ „2^ 

value in c.c. 


Mouth tem'perature . — This was measured with a Zeal clinical thermometer under 
the tongue, five minutes being allowed to record the reading and the average for 
two or more days for each subject is given. It was found to be 97-5°F. on the 
average for Indians and 97'4°F. for Europeans. 

Pulse . — The pulse count was taken with a stop-watch at least three times 
during the course of a single test. Thus for each day an average of at least nine 
counts were taken, the lowest for the Indians was 48 beats per minute, the 
highest 73. The average pulse rate was 62 per minute. Among Europeans'the 
range was 48 to 68 with an average of 56 beats per minute. It is seen for the 
latter group the pulse rate is lower than for the former group. In the case 
of Western adult men (Harris and Benedict, 1919, quoted by Eahman, 1936) 
the average pulse rate in basal condition is given as 62-26 ± 6-73. On this 
basis the average of 56 for the Europeans studied in Wellington approaches 
the lower normal limit. 

Respiraiiorx rate.— The respiration counts are taken from the kymograph 
records, an average of three minutes firom the best portion of the curve for each 
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test, so tliat tlie average of nine counts (of three trials) for a day are given. The 
average rate was 17 for the first group of Indians with variations from 10 to 25, 
only four had respiration rate of 20 to 25 per minute. In the second group 
of Indians the average was 13 per minute with variations from 9 to 18 per minute. 
The average for the two groups put together was 16 per minute. Among the 
Europeans studied there were two subjects with 6 and 7 respirations per 
minute. The respirations were deep. Tlie majority had 10 to 20 per minute. 
The average for the group was 35. It is seen, there is no significant difference 
in the two races. 

Oxygen consumption . — The oxygen consumption for three separate tests on a 
subject in a day was calculated, and when at least two tests agreed within 3 c.c. to 
4 c.c. it was taken as satisfactory, the lower value accepted as the one representing 
basal consumption of oxygen. In almost all the cases this was found to agree within 
6 per cent, with the heat output calculated according to the value on the ponograph 
record. The tests were repeated on a second day or sometimes a third and fourth 
day and satisfactory results only w'ere taken. In the last two columns of Table III, 
the lowest oxygen consumption per minute by Indians on two days are given. 
Except in the case of five suljjects, the values on twm daj's agree within 5 c.c. The 
oxygen consumption on the day it is lowmst has been averaged for the group, and 
it is found to be 190 c.c. per minute for the first group of Indians, 196 c.c. per 
minute for the second group and for all the 26 was 192 c.c. per minute. 

The variation in the oxygen consumption for the two groups is also different. 
In the first group it was 170 c.c. to 209 c.c. and in the second 183 c.c. to 214 c.c. 
This apparent divergence narrows down when it is remembered that the average 
surface area of the first group is 1‘58 square metres and for the latter r69 square 
metres. Among the Europeans the variation was found to be 198 c.c. to 263 c.c. 
per minute with an average of 224 c.c. per minute (Table IV, last two columns). 
The average surface area for this group was found to be 1-73 square 'metres, hence 
apart from the difference due to the average size of the group, the European con- 
sumes more oxygen per minute than the Indian. The possible factors for this wH 
be dealt with later. 


Heat expenditure in basal condition. 

The month the test wms carried out, number of tests made, the lowest oxygen 
consumption, heat output in calories per 24 hours and per square metre of body 
surface are presented in Tables V and VI. A respirator}^ quotient of 0*82 was 
assumed and Carpenter’s (1924) table was used to determine the heat output m 
calories from the oxygen consumption per minute. The deviations from basal 
metabolic prediction standards are also shown. 

Heat output in calories . — In group I among Indians consisting of 17 subjects 
the expenditure of energy in basal condition for 24 hours was 1,181 calories to 
1,452 calories with an average of 1,317 and for group II consisting of 9 subjects i 
was 1,271 to 1,487 calories and 1,360 calories, respectively. The average for a 
the 26 Indians was 1,332 calories. The significance of this is better understoo 
when the values are calculated on the basis of per square metre of surface area 
(the surface area was read off from height and weight data on the Kotis 
metabalometrio chart). For group I on this basis the average expenditure o 
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Showing the oxygen consumption, heat output, and deviation of basal metabolism from the standards. 

European subjects. 
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energy was 836 calories a day. This is far below the average 907 calories a 
day per square metre for the European. Europeans varied in their heat output 
for 24 hours^ from 1,376 calories to 1,723 calories, with an average of 1,560 
calories. This, on per square metre basis, amounts to 740 to 1,021 calories 
a day. 

If roughly twice the basal expenditure of energy be taken to represent the heat 
output per day on moderate work, the average for ail the Indians investigated works 
out to 1,332 X 2 = 2,664, in round figures, roughl}", 2,700 calories. Aykroyd and 
Krishnan (1937) in a paper on diet surveys in Soutii India calculated the average 
calorific value of food consumed in 29 families consisting of 168 persons, to be 
2,400 per day per consumption unit. IVhen one remembers the diet surveys 
were made on working-class people, it is probable that the calorific intake 
was inadequate. 

Basal metabolism. 

Table VII gives the frequency distribution of the basal metabolism of subjects 
studied in this investigation according to Aub-duBois and Harris-Benedict 
prediction standards. 

The difference in basal metabolism between the two races (Indians and 
Europeans) is statistically significant * botli by Aub-duBois and Harris-Benedict 
standards. 


Difference in basal metabolism in Indians between those who are resident 
in hills over three years {Group I, 1-17) and those tvhose stay 
on the hills is only two months {Group II, 17-26). 


Group I. I Group It. 


Aub'duBois. 

Harris-Benedict. 

1 

1 Aub-duBois. 

i 

Harris-Benedict. 

Mean basal metabolism . . 

1 

1 — 11’5 per cent 

— 7'6 per cent 

— 14‘2 per cent , 

— 1T2 per cent. 

Standard deviation 

4-1 

4-1 

2-5 

3-14 

Co-effieient of variation . . 

35 per cent 

54 per cent 

IS per cent 

I 28 per cent. 


The difference in basal metabolism in the two groups is significant using 
Harris-Benedict standard but not with Aub-duBois. 

Table VIII gives a comparative statement of basal metabolism investigated 
by a few workers recently in the tropics or sub-tropics, both on the indigenous peop 
and the Europeans with the results of the present investigation. 


* The formula 
of two groups, o- 


is used to 


y 0-2 g-2 

K liT "iiT 

= standard deviation ; n, and n» 


determine significance of difference in the me, 
number of subjects in the two groups. 
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Discussion on basal metabolism. 

The literature dealing with the effect of tropical climate on basal metabolism 
botli on the tropical races and Europeans is so extensive that it is not possible 
to review them here. Reference will be made to a few of the more recent works. 
Table I summarized previous work on Indian subjects. Determinations in other 
tropical countries carried out by Radsma 11931) in Batavia, Miller (1937) in 
Hawaii, Kilborn and Benedict (1937) in China, Oliveiro (1937) in Malaya 
have all pointed out how race and tropical climate influence basal metabolism. 
Radsma (loc. cit.) and Mason (loc. cU.) find a lowering of the basal metabolism 
of the European in the tropics. Miller {he. cit.) finds a fall in metabolism in 
Eimopean people in Hawaii but it does not difier from the Chinese in Hawaii. 
Kilborn and Benedict {loc. cit.) find an increase in two Chinese races. Oliveiro 
(loc. cit.) in Singapore concludes there is no difference in basal metabolism among 
his subjects drawn from seven races. 


Among Indians in the present investigation an average basal metabolism of 

— 12-4 per cent Aub-duBois with a standard deviation of 3-8 and a co-efficientof 
variation of 30-6 per cent and — 8-9 per cent Harris-Benedict standard, with a 
standard deviation of 4*2 and co-efficient of variation of 47 per cent, have been 
observed. These values are in close agreement with Krishnan and Vareed’s (1932) 
in Madras. In the two groups in Indians, group I showed a basal metabolic level 
of — 11-5 per cent Aub-duBois and — 7-6 per cent Harris-Benedict standards, with 
standard deviation of 4T and co-efficient of variation of 35 per cent and 54 per cent 
respectively, whereas group II showed an average of 14‘2 per cent Aub-duBois 
and — 11'2 per cent Harris-Benedict with standard deviations of 2’5 and 8T and 
co-efficients of variation of 17-6 per cent and 28-2 per cent. The scatter in the basal 
metabolism level in the second group is smaller than in the first. The difference of 
2‘7 per cent on Aub-duBois standard is not found to be significant, but on the Harris- 
Benedict standard the difference amounts to 3’6 per cent which is statistically 
significant, the first group showing a higher result. This difference could be partly 
explained as due to the difference in the average age, the average for the first group 
being 30 years and for the second 33 years. It is possible also that the longer stay 
on the hills of the first group would have benefited them, and put up the metabolic 
level at a slightly higher rate. The effect of altitude on basal metabolism is to be 
more widely studied. Similarly, among the Europeans studied the average basa 
metabolism was — 4-3 per cent Aub-duBois and — 3’4 per cent Harris-Benedict stan- 
dards with a standard deiuation of 7 ‘4. The variation in basal metabolism is ver}^ 
great here, from -fr 7'9 per cent to — 20'2 per cent Aub-duBois standard. The average 

— 4'3 per cent must be considered normal, for even in Europe and America the An - 
duBois prediction values are said to be 4 per cent too high. But one cannot ignoie 


low values such as — 20-2 per cent in subject No. 2, — 17-4 per cent and -- P 
cent in subjects Nos. 11 and 5, — 14-1 per cent in subject No. 12 and — 
in subject No. 17. The cause of this very low metabolism must remain tor tlie p 
ent unexplained. The remaining 15 are all within the normal limits for Europ 
The average heat production of soldiers in England with an m 

of 1-70 square metre was found by Cathcart and Orr (1919, quoted by ^ 

be 1,542 calories a day under basal conditions. In the Wellington ^*^^1 ... 
average surface area was 1-73 square metres and the average heat exp 



K. Rajafjopal. 


426 


per day was calculated to be 1,560 calories (basal). This again tends to show 
that there is no appreciable change in tlie metabolism of the group of 
Europeans investigated in Coonoor and Wellington to that regarded as normal 
in England. 

If the view that the Europeans in the tropics have a lowered metabolism 
be upheld, presumably the hills with a cool and bracing dry climate tend to 
raise the metabolism ; the slightly raised metabolism of the Indian subjects 1-17 
who are resident on the hills for over three years is found to be significantly 
higher over the new-comers to the hills. Even then there is a wide difference 
between the average basal metabolism of the Europeans and Indians on the 
hills in the present study, so that the view that race per se^s an influencing 
factor over basal metabolism cannot be denied. 


Summary. 

1. The basal metabolism of 26 Indian and 20 European men has been 
determined under identical climatic conditions in Coonoor at an altitude of 6,000 
feet above sea-level. 

2. The Indian on the average has his basal metabolism 8 per cent below the 
European. It is very likely this difference is due to a racial factor. 
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A CHEMICAL METHOD EOK THE ESTBIATION OF 
NICOTINIC ACID IN BIOLOGICAL 
MATERIALS. 


BY 


M. SWAMINATHAN. 

{Ntdrifioii Research Laboratories. I. R. F. A., Coovoor, S. India.) 
[Eeceived for publication, Juno 30, 1938.1 


Introduction. 

It now appears to be well established that pellagra in human beings (Fonts, 
Helmer, Lepkovsky and Jukes, 1937 ; Smith, Ruffin and Smith, 1937 ; Spies, Cooper 
and Blankenhorn. 1938 ; Spies, 1938), black-tongue in dogs (Elvehiem et al., 1937 ; 
Dann, 1937 ; Street and Cowgill, 1937) and pellagra-like symptoms in pigs produced 
by feeding on a Goldberger pellagra-producing diet (Chick et al., 1938) can be cured 
by the administration of nicotinic acid and that nicotinic acid is probably identical 
with or a precursor of the pellagra-preventive (p-p) factor. 

Mainly through the careful investigations of Goldberger and his collaborators, 
data regarding the comparatwe value of certain foodstuffs in the treatment 
or prevention of pellagra are available (Sebrell, 1934) ; but there are no figures 
for the amount of nicotinic acid in foods. Hence the question of esti- 
mating the nicotinic-acid content of foodstufis is of immediate importance 
and interest. 

This paper describes a new chemical method of determining nicotinic acid in 
foods. A preliminary account has already appeared elsewhere (Swaminathan, 
1938). 

Principle. 

Nicotinic acid (1) contains a pyridine nucleus, and the method depends on 
the reaction described for pyridine by previous investigators (Tallantyre, 1930- 
Kulikow and Krestowosdwigenskaja, 1930 ; Strafford and Pairy-Jones, 1933), in 
which the pyridine nucleus is broken down by cyanogen bromide and aniline to 
give a compound which 
The coloured complex 
R.mCH: CH.CH: CH 

( ^27 ) 




so produced is a derivative 
•CH.NR.HBR. 


of 
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The colour is jjrobably given by all pyridine compounds. Of these only nico- 
tinic acid (I) and its amide (II) are biologically active as far as we know (Elvehjem 


et al., 1938). The amide 

can be readily converted into the acid bv 

boiling with 

dilute mineral acids and estimated as nicotinic acid. 

j/\ - COOH 

/^-CONHg ■ 


V 

V 

Y „ 

N 

N 

N — 0 

1 



CHg 

Nicotinic acid 

Nicotinamide 

Trigonellin 

I 

II 

III 


Other pyridine bases present in foodstuffs include the betain trigonellin (III). 
This substance is probabl)’' not biologically active, as it is found in considerable 
amounts in peas and fenugreek seeds (Barger, 1914), which are ingredients of a pella- 
gra-producing diet (Chick et al, loc. cit . ; Ellinger el al, 1937 ; B. M. J., 1938). 
Further, recently it has been shown by Woolley, Strong and Madden (1938) that 
trigonellin possesses no curative activity for black-tongue in dogs. A specimen of 
trigonellin tested gave at most 20 per cent of the colour given by nicotinic acid; 
whether this is due to any contamination of the sample by nicotinic acid is^ being 
investigated. It also appears from the low values obtained for the nicotinic-acid 
content of peas and fenugreek seeds that trigonellin probably does not interfere in 
the estimation of nicotinic acid by the procedure described below. Pjuidine and 
its homologues may occur in traces. These can be readily removed by steam 
distillation in an alkaline medium. 


Method. 

The method consists in preparing aqueous extracts of foodstuffs suitable for 
colorimetric estimation and applying the procedure outlined below. Pyridine an^ 
its homologues may be determined separately in aliquots and the corresponding 
values subtracted from the total nicotinic-acid (nicotinic acid -f pyridine bases) 
content to obtain the true nicotinic-acid content. 

Solutions required :■ — 

(1) Standard nicotinic acid (strong) 1 c.c. = 1 mg. nicotinic acid. 

(2) Standard nicotinic acid (dilute) 1 c.c. =10 (ig. nicotinic acid. 

(3) Aqueous solution of cyanogen bromide: this is prepared fresh 3^ 
decolorizing in the cold a saturated solution of bromine in water y 
gradual addition of 10 per cent sodium cyanide (A. B.). 

(4) Saturated aqueous solution of aniline : this is also freshly prepare 

dissolving aniline in distilled water. 

(5) Sulphuric acid N/10 (approx.). 

(6) Sodium hydroxide N/10 (approx.). 
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Procedure for the jyrcj^aralion of extracts oj foodstuffs suitable for 

colorimetric estimation . 

A weighed quantity of the finely ground or minced material is placed in distilled 
water. The mixture is ^^gorously stirred and brought to the boil. (In the case 
of substances rich in starch it is heated on the water-bath for 20 nainutes.) It is 
then allowed to cool and centrifuged. The clear supernatant is poured off into 
a clean beaker and the residue extracted twice in the above manner. To the com- 
bined extraet, solid lead acetate* is added to precipitate proteins and their deriva- 
tives. The mixture is warmed to about 60°C. when the precipitate is well flocculated 
and part of the colouring matter is removed. It is then allowed to cool and centri- 
fuged. By careful decantation the supernatant is separated and the residue is 
washed by stirring up with a little hot water, centrifuged, and the washing added 
to the mnin bulk of the extract. A slight excess of sulphuric acid (N/10 approx.) 
is added to the extract to precipitate the excess of lead present. The lead sulphate 
is removed by centrifuging and the clear supernatant is carefully separated. The 
lead sulphate precipitate is washed, by stirring up with a little hot water and the 
washings added to the main bulk of the extract. Most of the colour is removed 
at this stage. The extract is brought to pH 6-0, evaporated to a mall bulk, 
and acidified by the addition of concentrated hydrochloric acid to make about 
5 per cent and* boiled for half an hour to decompose any nicotinamide present. 
It is then allowed to cool, brought to pH lO'O by the addition of sodium 
hydroxide (N/10 approx.), and any colour present removed by boiling with 
eharcoal. The charcoal is washed by boiling with a little water adjusted to pH 
lO'O and the washings added to the main bulk. The clear, colourless extract is ad- 
justed to pH 7'0, concentrated on the water-bath to a small bulk, if necessary, 
and made to a convenient volume. Aliquots were used for the estimation of 
nicotinic acid and pyridine and its homologues. 

Estimation of 'pyridine and its homologues. — An aliquot of the extraet is made 
strongly alkaline by the addition of sodium hychoxide (N/10 approx.) and steam- 
distilled till about 160 c.c. to 200 c.c. of the distillate is collected in a receiver 
containing a little dilute sulphuric acid, the end of the condenser just dipping 
in the acid. It is finally brought to pH 7'0 and made up to volume. Aliquots 
were used for the estimation of pyridine and its homologues, against nicotinic- 
acid standard. This value is subtracted from the total nicotinic acid (nicotinic 
acid -f- pyridine bases) obtained from the original extract to obtain the true 
nicotinic acid present. 

Procedure for colorimetric cojnparison. — In the previous communication (Swami- 
nathan, loc. cit.) a procedure was described for the colorimetric estimation of 
nicotinic acid present in the extracts obtained from foodstuffs. It was found 
from experience that great care was necessary in pmifjdng the amyl alcohol. 
The yellow colour obtained with nicotinic acid was found to fade when extracted 
by amyl alcohol purified according to the method described by Strafford and 
Parry-Jones (loc. cit), whereas the colour obtained with pyridine was quite 


. , metlwd desenbed in the test for removal of interfering substances has been extensively 

tested and found to be satisfactory. Recently, simpler methods have been tried out, and with a few 

by omitting the lead precipitation, and boiUng with 
2 per cent hydrochloric acid for 30 minutes instead. ^ 
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stable. The difficulty- was overcome by using amyl alcobol purified as follows: 
Commercial amyl alcohol is extracted twice with 10 per cent sulphuric acid, 
washed with water, extracted twice with 10 per cent sodium hydroxide, washed 
free from alkali with distilled w'ater, dried over anhydrous sodium sidphate, 
and distilled. Further the procedure was time consuming. A simpler procedure 
is described below (which avoids the use of amyl alcohol), by using which reliable 
results are obtained in a short time : — 

Aliquots of the extract and tlie standard nicotinic acid (dilute) (20 ^g. to 
50 /xg.) are measured into 25 c.c. graduated flasks and diluted to the same 
volume 16 c.c. This must be done accurately to within 0’5 c.c. Two drops of 
freshly prepared saturated aqueous aniline solution (v. i.) and 4 c.c. of freshly 
prepared aqueous cyanogen bromide are then added to each, the mixtures 
shaken, and allowed to stand. A bright yellow colour develops and reaches its 
maximum intensity in two minutes. Four c.c. of saturated aqueous aniline 
.solution are then added and the -whole made up accurately to 25 c.c. with 
distilled water. The colours arc compared in a colorimeter immediately. Tire 
colours are quite stable for about half an hour after which they begin to fade. 

Experimental. 

Proporiionaliiy of colour. — Measured quantities of standard nicotimc-acid 
solution (dilute) corresponding to amounts from 10 /xg. to 50 ;ug. nicotinic acid 
were treated with cyanogen bromide and aniline as described above. The coloured 
solution containing 30 /xg. was used as the standard against which the other 
solutions were read. The results were as follow’s :■ — 

Taken . . 10 20 30 40 50 

Found .. 10-5 21 30 39 51 

(Figures represent /xg. nicotinic acid.) 

Recovery of nicotinic acid added to foodstuffs in the form of nicotinic acid and 
nicotinamide. — Different amounts of nicotinic acid and nicotinamide were added to 
known amounts of yeast and raw milled rice and the recovery was good m a 
the cases. The results are shown in Table I : — 


Table I. 


Foodstuff nicotinic acid -f nicotinamide. ' 

_ 1 

Total nicotinic 
acid found, 
mg. 

Recovery, 
per cent. 

Ra-w milled rice, 20 g. . . . . ■ . • • 

0-40 

99 

Raw milled rice, 20 g. -\- 0‘5 mg. nicotinic acid -p 0‘5 mg. nico- 

1-39 

tinamide. 


^ 97 

1 

! 

Raw milled rice, 20 g. + 0-3 mg. nicotinic acid + 0*3 rag. nico- 
tinamide. 1 

0-97 ! 

Dried yeast, 10 g. . . 

5-71 

103 

Dried yeast, 10 g. + 1 mg. nicotinic acid -)- 1 mg. nicotinamide 

7-77 

Dried yeast, 10 g. + 6 mg. nicotinic acid -f 5 nig. nicotinamide 

15-87 

102 
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Removal of pi/ridhie added to an extract of yeast. 

To an extract prepared from yeast (10 g.) in tlie above manner, 1 mg. of 
pyridine was added and the whole made up to volume. Aliquots were used 
for the estimation of total nicotinic acid (nicotinic acid + pyridine) against 
nicotinic-acid standard, and also for the estimation of pyridine in the steam 
distillate. The value obtained by difference for the nicotinic-acid content of yeast 
was within the experimental error. 


' Nicotinic acid, 
mg. 


Ye.ist, 10 g. -f 1 mg. pyridine . . 8‘99 

Pi'ridine, 1 mg. in the steam distillate .. 3 '33 

Yeast, 10 g. (obtained by' difference) . . .5'66 

Yeast, 10 g. (obtained directly) .. 6'71 


Error .. .. .. I ^ 

I 

I 

Analysis of foodstuffs. 

The above method was applied to a few foodstuffs. 

Table II. 


1 

Name of foodstuff* 1 

» 

Nicotinic acid, 
mg. per cent. 

Pyridine 

bases. 

(o) Yeast, dried (brewers’), I . . 

62'o0 


(6) Yeast, dried (brewers’), II . . 

nT'ld 

Nil 

(b) Peanut meal (ether extracted) 

16-66 

« . 

(6) Liver, sheep (fresh) 

1-2-50 

Nil 

(o) Skimmed milk powder 

10-53 

, , 

(a) Wheat, whole . . 

5-33 


(a) Red gram (Cajanua indtcua) 

5-33 


(a) Soya bean .. .. * 

4-85 

•• 


(a) By the amyl alcohol procedure described in a previous paper 
(Swammathan, loc. cit.). 

(h) By the procedure described in this paper. 
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Table ll~concU. 


Name of foodstufT.**. 

1 

' Nicotinic acid, 
mg. per cent. 

Pyridine 

bases. 

(a) Bengal gram 

4-74 


(n) Ragi {Elenshta corncana) 

.1-08 


(a) Cambu (Pcnvindum lijphoi'lriiw) 

2-50 


(a) Rice, pnrijoiled, liome-jjoundcd 

2-78 


(a) Rice, raw milled, I 

2-38 


(ii) Rice, raw milled, 1 1 

2-00 

Nil 

(n) Gholam {Sorg/nim i-iilgaic) .. 

1-82 

• • 

(b) Pepper, green {Piper nigrum) 

M7 

•• 

{b) Fenugreek seeds 

P03 

Nil 

(b) Peas, dry 

1-00 

Nil 

(a) Maize, dry (white), I 

1-48 

•• 

{b) Maize, dry (white), II 

0-66 

Nil 


(а) By the amyl alcohol procedure described in a previous paper 
(Swaminathan, loc. ciL). 

(б) T?y the procedure described in this paper. 


Estimation of nicotinic acid in blood. 

A knowledge of the level of nicotinic acid in normal blood should be of 
importance in the diagnosis of nicotinic-acid deficiency. The method can oe 
adopted for estimations in blood, by precipitating the proteins using tungstic 
acid (Folin and Wu, 1919) and applying the colorimetric procedure. 


Method. 

To 35 c.c. of water (7 volumes) in a 80 c.c. centrifuge tube, 5 c.c. of freslil}^ 
drawn blood (1 volume) are added and mixed by gentle agitation. Five c-c^ c 
sodium tungstate 10 per cent (1 volume) are then added followed by 5 c.c. “ 3' 
sulphuric acid (1 volume). The tube is first gently shaken to mix the conten - 
during the addition of the reagents and finally vigorously shaken by inserting * 
rubber stopper. It is then centrifuged and the clear supernatant is care y 
separated and measured (10 c.c. correspond to 1 c.c. of blood). 
concentrated hydrochloric acid is then added to make a 
5 per cent and the whole brought to the boil to decompose 
present. It is then allowed to cool, brought to pH 7-0 by the addition ot so 
hydroxide (10/N approx.) and concentrated to a small bulk (10 c.c. to 
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on a water-batli and used for the colorimetric estimation of the nicotinic acid 
present. The method was applied to three samples of human blood and in one case 
the recovery of added nicotinic acid was good. The results are given below ; — 


1 

Blood eninple. | 

1 

Mg. nicotinic acid 
per 100 c.o. 
blood. 

1 

1 ! 

1 

0-53 

2 ! 

0-37 

3 

0-33 


Recovery of added nicotinic acid. | 

Nicotinic acid 
found, /rg. 

1 

Blood, 4 c.c. .. .. 1 

14 

Blood, 4 c.c. 20 pg. nicotinic acid 

36 

Recovery of added nicotinic acid . . ' 

110 per cent 


Discussion. 


From the above results, it appears that the chemical method for estimating 
nicotinic acid in foodstuffs is suitable for application to a wide range of materials 
containing varjdng amounts of nicotinic acid (0-66 mg. to 57T4: mg. per cent). 
The recovery of added nicotinic acid is good. 

Fenugreek seeds and peas have been shown to contain fair amounts of tri- 
gonellin the methylbetain of nicotinic acid (Jahns, 1885 ; Schulz and Winterstein, 
1910). From the low values obtained for these foodstuffs, it appears that 
trigonellin probably does not react with the reagents to give an yellow colour or 
takes a longer time than nicotinic acid to give the colour. This point is being 
further investigated. There was no trace of pyridine and its homologues in the 
few foodstuffs examined. 


The low value (0-66 mg.) for maize obtained in the present investigation is 
particularly interesting because of its association with pellagra. On the other 
hand dried brewers’ yeast, which is known to be a rich source of the ‘ pellagra- 
preventive (p-p) vitamin’, contains 57-14 mg. Vickery (1926) isolated nicotinic 
acid from dried brewers’ yeast in an_ yield of 0-018 per cent. Eaw milled rice 
contains about three times as much nicotinic acid as maize. While true pelk/rra 
is rare in India, a pellagra-like condition (stomatitis) is extremely common and 
possible that deficiency of nicotinic acid is an important defect of 
Indian diets based on rice and millet. 

T j. examination of the nicotinic-acid content of most of the common 

Indian foods is m progress. 
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Summary and conclusion. 

1. A cliemical metliod for tlie estimation of nicotinic acid (pellagra-preventive 
vitamin) in foodstuffs lias been described. The method is based on the yellow colour 
given by the pyridine ring when acted upon by cyanogen bromide and aniline. 

2. It takes only two minutes for the maximum development of the colour in 
aqueous solution and the colour is stable for about half an hour which greatly faci- 
litates the colorimetric measurements. 

3. The colour reaction is extremely sensitive, O’Ol mg. of nicotinic acid being 
easily estimated and the colour developed is strictly proportional to the concentra- 
tion of nicotinic acid. 

4. A low value of 0‘66 mg. per cent was obtained for maize which has been 
associated with pellagra. 

5. It appears from the low values obtained for peas and fenugreek seeds that 
trigonellin, the methylbetain of nicotinic acid, does not probably interfere in the 
estimation of nicotinic acid under the experimental conditions. 
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Part I. 

The VITAI.11N-A content of .<ome fish oils. 

A FEW iisli oils were analysed spectrographically for their vitamin-A content 
and the results published in previous communications (De, 1935ti, 1937). The 
assay of vitamin A of the various Indian foodstufis is being systematically carried 
out in these laboratories, and forms a part of the ‘ food survey work ’ in progress 
at Coonoor. Considerable data on the nutritive value of Indian foodstufis have 
already been worked out and reported, in Health Bulletin No. 23 (1937) published 
by the Government of India. Part I of the present paper records further data on 
the spectrographic assay of the vitamin-A content of an additional number of 30 fish 
oils. These samples of oils were forwarded to these laboratories for vitamin-A assay 
by the Fisheries Department of the Government of Madras. The method of assay 
adopted was the same as that described previously by one of us (De, 19356, 1937). ' 

Most of the fish oils examined were prepared at the Madras and Tanur Stations 
of the Madras Government Fisheries Department. The fishes were caught from 
the sea round the Madras Presidency coasts and in the river at the Metur Dam. 
The method of extracting the oils, as reported by the Fisheries Department, was as 
follows ; ‘ The organs washed free from blood were cooked in a sufdcient quantity 
of water in a heavily tinned copper vessel. The oil rising to the top was skimmed 

( 435 ) 
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off witli a wooden ladle into an enamel vessel. . The oil was then clarified by repeated 
washing with lukewarm water and filtered through paper 

The data of the vitamin-A assay work are set out in Table I. Two samples of 
halibut-liver oil preparations by Parke, Davis & Co. and Crookes Laboratories 
respectively were also analysed. Table I is set out in descending order' of 
vitamin-A activity. 

Table I. 


Material. 

Vitamin-A content per grammo 
in micrograms. 

Halibut-liver oil (Parke, Davis & Co.) (5.5,000 I. U. per g.) 

21,500 equal to 5.5,900 I.U. of 
vitamin A. 

Halibut-liver oil (Crookes) (52,000 I. U. per g.) 

20,400 equal to 53,000 LU. of 
vitamin A. 

Shark-liver oil (hammer-headed) {Zygaena Blochi) 

7,600 

,, » (man-eating species) 

4,200 

>> >> • ♦ « . . • . ♦ . . 

2,400 

Sa'wfish ‘ '\’’ela ’ (liver oil) 

2,250 

Shark-liver oil (from Travancore) 

1,750 

Sawfish-liver oil (Pristis Perrottet!) 

1,125 

Indian cod-liver oil (from Calicut) 

1,000 

Eagle-ray-liver oil {jBiohatie guttata, Shaw) 

440 

Norwegian cod-liver oil (6 samples) 

560 to 156 : average = 320. 

Nethal (liver oil) 

310 ' 

Soman thirukkai (liver oil) 

290 

Arms sp. (liver oil) 

250 

Barbus dubius (whole body) 

190 

Manthal fish (liver oil) 

190 

Karakutti (liver oil) 

135 

Cat fish liver oil . . 

44 

Catla Catla (whole body) 

19 

Turtle oil (whole body) 

5 

Sardine (-whole body), classes I and II 

1 to 2 

Kuttippu {Lactarms LaHaries) (whole body) 

1 
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Table II — concld. 


XnniD. 


Botanical name. 


j . Source. 


Carotene content 
in micrograms 
per grammo. 


ut-meg 


i^fyn'stxca fragrans 


„ rind 

Imyra fruit, tender, juice 
inly. 

li-varagu 

pads 

ion fruit . . 

)er, green . . 
mmon, ripe 
’hio nut . . 

\in, red variety 
in, stem 


ft 

Boratsxis fiabdliftr 
Panicum miliaceum 

Passiflora eduUs 
Piper nigrum 
Piospyros kaka 
Pistacia vera 
Muta paradisiaea 

It 


' Loeaf 

tt 

Tinncvolly 

Coimbatore 

Local 

t 

It 

tt 

tt 

tt 

tt 


I Trace. 

\ 

0-08 

20-00 

Trace, 
j Nil 

o-so 

1 6-80 

17-00 
2-40 

j 3-60 

I Nil 


T leaves 
millet . . 

t 

ne, juice 
■anfl . . 
our . . 


nut) 


X 


Vitia viniferfi 

Carthamue iinclorivs 

Panicum crusgalh vnr. fru- 
mantaceum. 

I Anona squamosa 

SaccTiarum ojpeinarum 

Canavalia tnsiformi 

Borassus jlavallijer 

Manihot xtlilissim'- 



»> 

1 iraco. 

tt 

65-00 

Coimbatore 

Trace. 

tt j 

Trace. 

Local 

0-10 

tt 

0-40 

Poona 

Nil 

1 

Travancore 

Nil 

Local 

j 

Nil 

tt 

6-40 

tt 

10-00 

tt 

Nil ■ 

Cetti brewery 

1-10 


• approximately one I. U. of vitamin 


egetables and certain ripe fi-uits 
•J poor source.'?. 
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off with a wooden ladle into an enamel veasel. . The oil was then clarified by repeated 
washing with lukewarm water and filtered through paper 

The data of the vitamin-A assay work are set out in Table I. Two samples of 
halibut-liver oil preparations by Parke, Davis &; Co. and Crookes Laboratories 
respectively were also analysed. Table I is set out in descending order' of 
vitamin-A activity. 

Table I. 


Material. 

Vitamin-A content per grammo 
in micrograms. 

Halibut-liver oil (Parke, Davis & Co.) (55,000 I. U. per g.) 

21,500 equal to 6.5,000 I.U. of 


vitamin A. 

Halibut-liver oil (Crookes) (52,000 I. U. per g.) 

20,400 equal to 53,000 I.U. of 


vitamin A. 

Shark-liver oil (hammer-headed) {Zygaena Blochi) 

7,600 

„ „ (man-eating species) 

4,200 

>> >> • • • • • • . . . . 

2,400 

Sawfish ‘ l^ela ’ (liver oil) 

2,250 

Shark-liver oil (from Travancore) 

1,750 

Sawfish-liver oil {Prislis Perrotteti) 

1,125 

Indian cod-liver oil (from Calicut) 

1,000 

Eagle-ray-liver oil {jEtobaiis guttata, Shaw) 

440 

Norwegian cod-liver oil (6 samples) 

660 to 156 : average = 320, 

Nethal (liver oil) 

310 

Soman thirukkai (liver oil) 

290 

Arius 6p. (liver oil) 

250 

Barbus dubius (whole body) 

190 

Manthal fish (liver oil) 

190 

Karakutti (liver oil) 

135 

Cat fish liver oil . . 

44 

Catla Catla (whole body) 

19 

Turtle oil (whole body) 

5 

Sardine (whole body), classes I and II 

1 to 2 

Kuttippu {Lactarius Lartaries) (whole body) 

1 
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Table II — coneld. 


Name. 

i 

1 

Botanical name. j 

j 

. Source. 

1 

Carotene content 
in inicrogranas 
per gramme. 

■Nut-meg 

1 

M^istica fragrnns 

Local 1 

Trace. 

„ rind 

41 

44 i 

0-08 

Palmyra fruit, tender, juice 
only. 

Borassus flabellifer 

Tinnovolly | 

20-00 

Pani-vnragu . . 

Panicum miUacenm 

Coimbatore 

Trace. 

Pappads 

■■ 

Local ’ 

; 

Nil 

Passion fruit . . 

Passifiora cduUs 

>4 

0-90 

Pepper, green . . 

Piper nigrum 


6-80 

Persimmon, ripe 

Biospyros hata 


17-00 

Pistachio nut .. 

Pislacia vera 


2-40 

Plantain, red variety 

^fu^a paradisiaca 

ft 

3-50 

Plantain, stem 

»» 

" 

Nil 

Raisins 

Vilis vinifera 

" 

Trace. 

Safflower leaves 

Carlhamus iinctorhig 

f* 

55-00 

Sanwa millet . . 

Panicum crusgalh var. /ru- 
mantaceum. 

Coimbatore 

Trace. 

Sita fruit 

Anona squamosa 

ff 

Trace. 

Sugar cane, juice only 

Saccharum ojjicinnrmn 

Local 

0-10 

Sword beans . . 

Canavalia ensiformi 

44 

0-40 

Talipot flour . . 

' Borassus jlavallifer 

Poona 

Nil 

Tapioca . , 

Manihot rUilissima 

Travnneore 

Nil 

Toddy (coco-nut) 

Cocos nucifera 

Local 

Nil 

Tree tomato, ripe 

Cyphomandra belacea 

44 

6-40 

Walnut 

Juglans regia 

» 

10-00 

Wheat flour, refined 

Triticum milgare 

44 

Nil ■ 

Yeast powder, dry 

■■ 

Ketti brewery 

1-10 


A carotene figures corresponds to approximately one I. U. of vitamin 

From Table II it is apparent that green leafy vegetables and certain ripe fruits 
{ire rich in carotene. Other food materials are vejy poor sources. 


!Namc. 


Botanical na-v. 


Nut-incg 

„ rind 

Palmyra fruit, tender, juice 
only. 

Pani-vnragu 
Pappads 
Passion fruit . . 

Pepper, green .. 
Persimmon, ripe 
Pistachio nut . . 

Plantain, red variety 
Plantain, stem 
Raisins 

Safflower leaves 
Sanwa millet . . 

Sita fruit 

Sugar cane, juice only 
Sword beans . . 

Talipot flour . . 

Tapioca 

Toddy (coco-nut) 

Tree tomato, ripe 
Walnut 

Wheat flour, refined 
Yeast powder, dry 


Mijrislica frarjraHt 

»» ^ 

Borassus flabdli/er 

Panicum iniliactum 

h-.-v. 

Passijlora tdM* 

Piper nigrum 
I DiospyrM Jais 
Pislacia vera 
JIusa paraditiaea 

ft 

Vitis viniferm 

Carthamut |me(ort«M 

Panicum etmiguIU var. Jm- 
manla etum. 

A7iona ttfmmota 

Sacchartm tj feifmn iin 

Ca!UivaU0 

Borassu$ fmmBiJfr 

Manihat t Mbui iiiii 

Cocos nue^fm^ 

Cyphomatsteg^heiU' > 

. Juglans 

Trilicum 


One microgram of these carotene " 
A (De, 1937). 

Erom Table II it is app 
are ricb in carotene. OtV 
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Vitamin-A Activity of Fish Oils and Vegetable Foods. 


Summary, 

1. Some 30 fish oils and 45 vegetable foodstuffs have been assayed for vitamin 
A and carotene contents respectively. 

2, Some Indian fish-liver oils were found to be many times richer in vitamii) 
A than the Norwegian cod-liver oils. 
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THE ASSIMILATION OE CAROTENE BY RATS EROIM A 
‘ POOR MADRASSI DIET ’ : THE INELITENOE OE 
SKII^BIED ^^rILK AND CALCTUi\I LACTATE. 


BY 

N. K. DE. 


AND 

B. N. ]\IA.TU]MDAR. 

{Nulrilion Research Laboratories, I. R. F. A., Coonoor, S. hulia.) 

[Received for publication, June^SO, 1938.] 

In continuation of the carotene metabolism work reported previously (De, 
1937a ; Wilson, Ahmad and Majumdar. 1936) further experiments were under- 
taken to study the rate of assimilation of carotene by rats fed on a ‘ poor Madrassi 
diet’, unsupplemented and suppleniented with skimmed milk powder and 
calcium lactate respectively. Recently, a considerable amount of work has 
been reported from these laboratories by Aykroyd and Kris]man (1937a and h) 
revealin" the importance of supplementing sicimmed milk powder and 
calcium"^ lactate to the diets of South Indian school children. They showed 
that, besides producing considerable increase in height and body-weight, these 
supplements bestow numerous beneficial effects to the general health of the 
children. It is interesting to note that skimmed milk feeding relieved a certain 
number of children suffering from stomatitis and phrynoderma, the latter 
condition being ascribed to vitamin-A deficiency. A question naturally arises ; 
does this supplement influence metabolism of carotene and vitamin A ? 

It was, therefore, thought worth while to study if an addition of skimmed milk 
powder and also of calcium lactate to this ‘poor Madrassi diet ’, would influence 
the rate of absorption of carotene, which forms the only source of vitamin A in 
the diet. For convenience, rats were taken as experimental animals. It maj^ be 
noted that in the light of Clausens’s (1933) and Baumann and Steenbock’s (1934) 
work the results of the rat experiment may be applicable to human beings, 
especially to children. 

Two separate and independent observations were made in this problem. In 
the first experiment, 3 groups of stock rats, weighing 50 grammes to 60 <TOmmes 
each, were kept for 3 weeks on a synthetic vitamin-A free diet ; as a consequence 
the faecal matter of these rats became completely devoid of vitamin A and carotene’ 
J, me ( 441 ) o’ 
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Subsequently, these 3 groups of animals were supplied for 15 clays with the 
experimental diets namely the ‘ poor Jladrassi diet unsupplemented and supple- 
mented with skimmed milk powder and calcium lactate respectively. The caroteDe 
content of the diets supplied, the actual amount of food consumed daily by the 
dift’erent groups of rats, and the amount of carotene excreted through feecal mattei, 
were determined in the usual way. It was found as already reported before (De, 
1937a.) that the fmcal matter was always devoid of vitamin A, while the uriae 
was free from both vitamin A and carotene. 

The carotene contents of the various foods and the fceces were extracted 
directly and estimated colorimetrically by using solutions of pure carotene as 
standards. The strength of the standards was estimated by using a modified 
spectrophotometric method (De, 19376). The difference between the amount of 
carotene consumed in the food and that excreted through the faeces was taken 
as a measure of the amount of carotene absorbed (De, 1937fl). ‘ Absorption ’ in 
this sense, therefore, includes vitamin A or carotene that is destroyed in tlie 
digestive tract. 

The composition of the vitamin-A free synthetic diet and of the ‘ poor Madrassi 
diet ’ was as follows ; — 


Composition of the synthetic vitandn-A free diet. 


Parts, 

Starch . . . . . . 60 

Casein . . . . . . 20 

Coco-nut oil , . . . 10 

Yeast powder . . . . 5 . 


Salt mixture (hlcCollum) . . • 5 containing about 50 per 

cent of calcium salts 
(lactate and phosphate). 

With tap water to drinlc. 

Each rat usually took daily 10 to 15 grammes of this diet, dry-weight. 


Composition of the ‘ poor Madrassi diet \ 


Constituents. 


Proportion, 

oz. 


Carotene content 
in micrograms 
per gramme. 


Ra-w polished rice . . 

Red gram [Cajanus indlcus) 

Black gram {Phaseolus mungo) 

Ginaelly oil \8esamum indicum) 

Brinjal (Solanum melongena) (boiled) 
Amaranth leaves {Amarantims gangelicus) 
Raw plantain {Musa paradisiaca) (boiled) 
Meat . . 

Coco-nut {Cocos nucifera) 


21'0 

0-7 

0- 7 
0-1 

1 - 0 
0-5 
0-5 
0-06 
0-05 


0 

2-2 

0-C 

0 

0-05 

2o-0 to 35'0 
0-5 
trace 
0 


* De (1936). 
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With tap water to drink. 

The above quantities correspond roughly to human adult daily intake. The 
calcium content* of this mixed diet was 0-028 per cent. Each rat usually took 
15 to 25 grammes of this mixed diet daily, thus obtaining 4 mg. to- 7 mg. of 
calcium. 

Calculated in terms of adult human intake, this diet corresponds to about 
500 micrograms of carotene, 0-2 gramme of calcium, and 2,250 calories daily. 

In the ‘ poor Madrassi diet ’ amaranth is practically the only source of carotene, 
other constituents involving only a trace. As such, in the present experiment, 
they are negligible as sources of carotene. 

During the course of this investigation the carotene content of amaranth 
varied between 25 and 35 micrograms per gramme, and the intake of carotene 
per rat per day varied between 6 and 7 micrograms. 

The above diet known in these laboratories as the ‘ poor Madrassi diet ’ 
(Aylcroyd and Krishuan, 1937a) is substantially tbe same as that described in 
McCarrison’s (1931) ‘ Food ’ as the ‘ poor Hindu family diet ’. 

The data of the present experiment are set out in the following tables ; — 

Hat experiment No. 1. 

Assimilation oj carotene by rats fed on the ‘ foor Madrassi diet ’. 

Table T. 

{The ‘ poor Madrassi diet \ urisupplemented, fed to 12 rats.) 


Days. 

i 

i 

Carotene 
taken by 
the group 
in micto- 
giams. 

Carotene 
excreted by 
the group 
in micro- 
grams. 

Percentage of 
carotene absorbed 
from difference of 
columns 2 and 3. 

1 

1-3 .. 

250 

65 

) 


4r-G .. 

280 

85 



7-9 .. 

285 

85 



10-12 . . 

260 




13-15 . . 

290 

55 


58 

16-21 . . 

0 

165 



22-25 . . 

0 




26-27 . . 

0 

3 



28-30 . . 

0 

0 



Total . . 

1,365 

568 



* Health Bulletin No. 23 (1937). 
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Table II. 

{The ' poor Madrassi diet ’ plus shimmed milk pmmler fed to 12 rats) 
(10-5 g. of skimmed milk powder fed to 12 rats per da)L) 


n.av.s. 

Carotene 
taken by 
the group 
in micro- 
grain.s. 

Carotene 
excreted by 
the group 
in micro- 
graiUH, 

Percentage of 
carotene absorbed 
from difference of 
columns 2 and 3. 

1-3 .. 

240 

60 

■ 


4-fi .. 

27.5 

!).7 



7-9 

205 

80 


10-12 .. 

260 

75 



13-1.5 . . 

2!).5 

60 


61 

16-21 .. 

0 

n.5 




0 

40 



26-27 . . 

0 

.3 



28-30 . . 

0 

u 

• 


Total . . 

1,365 

cc 



Table HI. 


[The ‘ poor Madrassi diet ’ plus calcium lactate fed to 12 rats.) 


(1-75 g. of calcium lactate for 12 rats per day.) 


Days. 

Carotene 
taken by 
the group 
in micro- 
grams. 

Carotene 
excreted by 
the group 
in micro- 
grams. 

Percentage of 
carotene absorbed 
from difference of 
columns 2 and 3 

1-3 .. 

255 

40 


4-6 .. 

280 

55 


7-9 .. 

275 

so 


10-12 . . 

260 

110 


13-15 . . 

290 

75 

CO 

16-21 . . 

0 

95 


22-25 . . 

0 

8.5 


26-27 . . 

0 

5 


28-30 . . 

0 

0 


Total . . 

1,360 

645 

•• 


The rats were fed on the experimental diets for the 
Ist to 15th day and afterwards kept on the vitamin-A 
free synthetic diet. 


cent 



From Tables I, II, and 

of carotene from the ‘ poor Madrassi diet unsuppiememcu aiiu ^jgjjy 

The addition of skimmed milk powder and calcium lactate did not su ® 
influence carotene absorption. From the records of body-weight (no 
the paper) it appeared that the skimmed milk group showed^ considera 
of body-weight as compared with the groups kept on the poor iJ< 
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imsupplemented and supplemented with calcium lactate, the latter two groups 
showing similar rate of increase in body-weight. The fact that addition of calcium 
lactate did not show any beneficial effect can be explained as follows : — 

In the first series of experiments the rats were depleted by feeding them a 
synthetic vitamin-A free diet for 3 weeks. This feeding included about 0-5 g. of 
calcium salts per rat per day. During the metabolism work the rats of group III 
(Table III) were given only O'lo g. of calcium lactate per rat per day. It is because 
of the high doses of calcium salts fed to all the rats initially that the beneficial 
effect of the smaller doses, given subsequently for two weeks only, could not be 
apparent. 

In view of this fact it was considered better to use for this investigation rats 
which have been kept on the iMadrassi diet unsupplemented and supplemented, 
for a considerably longer period and to deplete them by some other means not 
involving the use of calcium salts. 

In a second series of e.xperiments three groups of rats (5 in each group) were 
kept for 10 weeks on the ‘ poor Madrassi diet ’ unsupplemented and supplemented 
with skimmed milk powder and calcium lactate respectively. The latter two 
groups showed better rate of growth than the group I, the skimmed milk showing 
the highest rate of growth. These animals were then depleted, i.e., faeces made 
free from carotene, by feeding them for 3 weeks on the same Madrassi diets minus 
amaranth, the otlier constituents of the Madrassi diet involving only a trace of 
carotene. 

The data of the metabolism work arc recorded iji Table IV : — >, 

Rat experiment No. 2. 

The aminilalion of carotene by rats fed on the ‘ poor Madrassi diet ’ 
unsupplemented and supplemented with skimmed milk powder 
and calcium lactate respectively. 


Table VI. 


Days. 

Carotene taken 
by each group 

Carotene excreted by the different 

GROUPS IN aiICROGBA31S. 

of rats in 
micrognims. 

Group I. 

Group II. 

Group III. 

1-4 .. 

5-7 

S-10 . . 
ll-VJ .. 
14-16 . . 
17-20 . . 
21-23 . . 
24-26 . . 
27-30 . . 

575 

300 

275 

27.5 

265 

0 

0 

0 

0 

70 

45 

95 

70 

[ 335 

15 

5 

0 

105 

80 

120 

65 

215 

25 

15 

0 

90 

95 

110 

80 

250 

20 

10 

0 

Total . . 

1,690 

635 

— 

625 

655 

Percentage of carotene 
absorbed. 

62 . . 

63 

61 
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Each group consisted of 5 rats. From the 1st to the 16th day eachoaeof 

S thf Ivt r mixed with a little quantity 
oi the basal diet, that is poor Madrassi diet’ less amaranth. \^Tien this ivas 

17th^ Kv From the 

i was stopped and the rats were fed 

pnnfpnt nf om fi coursc of this experiment the carotene 

amaranth varied between 35 and 60 micrograms per gramme, the 
intake of carotene pei rat per day was between 13 and 30 micrograms. 


Discussion. 

Frona Tables I, II, III, and IV it is clear that only about 60 per cent of the 
captene is absorbed by rats fed on a mixed diet like the ones used. Neither 
skimmed iiiilk nor calcium lactap lias any significant influence towards carotene 
a sorption. The only observed influence of these supplements was to lead to 
mcreased rate of growth and body-weight (Aykroyd and Krishnan, 1937a 

The above^ obspvations refer to healthy and normal animals. The possibility, 
however, remains that absorption of vitamin A and carotene may be affected hy 
variop factors m the presence of pathological si'^mptoms. There have been 
alpady numpous reports (Ralli et at, 1935; Heymann, 1936a and and 
other WOTkers) which show^ that absorption of both vitamin A and carotene may 
be considerably impaired in the absence of bile, in diabetes, hyper-thyxoidism 
and m various infectious diseases. 


Summary. 

1. About 60 per cent of carotene ingested in food wms assimilated by rats 
from the ‘ poor Madrassi diet ’. 

2. Skimmed milk powder and calcium lactate, when added to this mlved 
diet, produced acceleration of growth, but showed no significant influence on 
the carotene absorption. 
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STUDIES IN CALCIUM AND PHOSPHORUS 
^^lETABOLISM. 


Part II- 

THE EFFECT OF TOXIC DOSES OF VITAjMIN D ON THE ASH, Ca, AND 
P CONTENT OF THE BONES AND ON THE EXCKETION 
OF N. Ca, and P IN THE ALBINO BATS. 

BY 

V. N. PATWABDHAN, 

AND 

K. G. CHITRE. 

{Department of Physiology, Seth Gordhandas Sunderdas Medical 
College, Bombay.) 

[Received for publication, May 13, 1938.] 

\ 

Introduction. 

The fact tFat the administration of excessive doses of vitamin D to rats 
profoundly altered the calcium and phosphorus metabolism was shown by Harris 
and Innes (1931). Brown and Shohl (1930) observed that the effect was more 
pronounced with normal diets than with Steenbock’s rachitogenic diet. They 
also observed a shift of calcium and phosphorus from faeces to urine and a reduction 
in bone ash in rats receiving 10,000 minimum curative doses or over per day. By 
feeding irradiated ergosterol to rats Watchorn (1930« and 6) observed : (1) a 
reduced retention of both Ca and P, (2) an increase in urinary calcium but not in 
urinary phosphorus, and (3) a decrease in the faecal Ca and P which was not 
proportional to the intake of these elements. Light, Miller and Frey (1929) 
reported, on the other hand, a greater elimination of phosphorus than calcium 
during hypervitaminosis D. Commenting on the results of Watchorn, and Brown 
and Shohl, Harris and Innes {loc. cit.) remark that an increase in the dose of 
vitamin D first acts by promoting the absorption of Ca and P from the intestines 
and possibly also the excretion of these elements into the gut. In the later stages 
of hypervitaminosis gut function is impaired and the fecal Ca and P represent 
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Studies in Calcium and Phosphorus Metabolism. 


mostly _ tlie unabsorbed material. Nicolaysen (1937) has shown that tie 
absorption of phosphates from the gut does not differ in the normal and vitamin 
D deficient rats. It does not necessarily follow, however, that since the deficiency 
of vitamin D did not affect the absorption of phosphates its excess also should 
be without any effect. Kern, Montgomery and Still (1931) observed a rise in 
the urinary Ca and P of the rats receiving high doses of irradiated ergosterol. 
They found that the animals were throughout the e.xperimental period on 
positive Ca and P balance and that the urinary nitrogen was roughly. proportional 
to the food intake. 

Although it is generally agreed that hy^ervitaminosis D results in the 
demineralization of bones, no adequate data are available which deal with the 
respective proportions of Ca and P in the demineralized bone. It is generally 
assumed that both Ca and P are witlidrawn from tire bones in the proportion in 
which they exist in the bone. Kern, Montgomery and Still {loc. cil.) found no 
change in the Ca ; P : COo content of the bones of rats receiving excessive doses 
of irradiated ergosterol. Jones and Hobson (1931) contend that hypervitaminosis 
D does not result in the demineralization of bone Imt that it probably interferes 
with the process of deposition of bone salts. 

In the following pages is presented an account of the effects of toxio_ doses 
of irradiated ergosterol on the calcium, phosphorus, and nitrogen metabolism m 
albino rats. 


Experiihental. 

Eats from different litters of known dietary history were kept separately m 
metabolic cages fitted for the collection of urine and feeces. The food prepared 
according to an earlier communication (Patwardhan and Chitre, 1938 — see Table 
I, diet I) was given in a powdered form in special containers so that no tooc 
was lost by spilling. Food and water were given ad lib. A record of food intahc 
was kept, however, from day to day by weighing a sample of food given and jc 
food left over the next day, after drying at 100°C. Vigantol which is a Merc • s 
preparation of irradiated ergosterol of the value of 50,000 I. U. per mg. 
in oil was used in these experiments. To six rats it was administered ora y 
for varying periods at the rate of 4,500 I. U. per rat per day. To four ra s 
equivalent amount was administered subcutaneously. The urine and 
were collected every two days and analysed. Calcium and phosphorus 
determined by the methods described in the earlier communication. iNi ro^ 
was estimated by the Kjeldahl’s method. 

The results given in Tables I and II are illustrative of the series of ten , 
ments carried out on similar lines. To rat 462 Vigantol was ^ 

orally and to rat 465 an identical amount subcutaneously. The admini ‘ 
of the toxic doses of vitamin D and the balance experiments jgjy 

out for 26 to 34 days. In the cases of the rats receiving Vigantol juocu 
the experiment stopped with the death of the animals. Eat do_, 
receiving Vigantol orally were Idlled at the end of the experimeiit^pe 
figures for N, P, and Ca in the tables are in milligrams of these have 

per rat for each period of two days. The experiments with other rats 
not been included here will be mentioned later on. 



Table I. 

Eat 4C5 d irradiated crtjoslcrol injected suhc^iUmeoushj. 
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As is evident from the tables the effects of toxic doses of vitamin D have 
been brought out better in the injection group than in the oral administration 
group. It°is possible that the orally administered vitamin D might not have been 
completely absorbed from the alimentary tract and the response to the toxic dosage 
came in e’vidence slower than in rats receiving Vigantol subcutaneously. Eat 462 
showed no other symptoms of hypervitaminosis except that of a more gradual and 
less severe decrease in food intake than the rat 465 ; in the latter the fall in 
food intake once started went to the extreme limit. Similar results were obtained 
with other rats whose behaviour as regards the food intake followed either 
of these two depending upon the method of the administration of vitamin D. 
Kern, Montgomery and Still [he. cit.) have stated that if the rats were given 
irradiated ergosterol separately, the adverse effect on food intake was little if 
any. The results presented in the tables obtained with as small a toxic dose as 
4,500 I. U. per rat per da)-^ do not agree with the observations of the above- 
mentioned authors. 

The effects on iirinarij nitrogen . — On administration of the toxic doses of 
vitamin D a rise in the urinar}"^ nitrogen was observed in rat 465 though no 
increase in the food intake had taken place. The high level of urinary nitrogen 
continued even after the food intake had decreased ; it only came down after 
the latter had fallen to a very low level. This rat went into a negative 
nitrogen balance between the ninth and tenth periods. In rat 462 there was 
observed a fall in the urinary nitrogen after the commencement of excessive 
dosage with Vigantol. On comparing the urinary nitrogen with the nitrogen 
intake, however, the rise in the former became apparent. Eat 462 went into 
a negative nitrogen balance only temporarily, recovering later and remai nin g 
in a positive nitrogen balance till it was killed at the end of the experimental 
period. 

So far as the increase in the urinary nitrogen is concerned it will be interesting 
to know whether it was due to an increased absorption from intestines or due to a 
simultaneous increase in the creatinine excretion. Experiments are in progress 
which are designed to show whether it is the endogenous or the exogenous protein 
metabolism that is accelerated by hypervitaminosis D. In the Graph are given 
the values for urinary nitrogen for nine rats expressed as the percentage of the 
nitrogen intake. 


The effects on the Ca and P excretion.— In rat 465 the urinary calcium 
and phosphorus rose as a result of the subcutaneous injection of toxic doses 
of vitamin D. The high level of Ca excretion in the urine was maintained 
m spite of the diminished Ca intake. The urinary Ca and P fell sharplv only 
when the food intake came down to 10 to 20 per cent of the originaf level • 
the fall in urinary P, however, set in earlier and was much sharper In rats 
receiving Vigantol orally the urinary Ca and P also rose, in these cases 
however there was no fall towards the end of the experiment even though 
the food intake had fallen down to about 40 per cent of the original level 
Thus, it would appear that in mild hypervitaminosis D, manifested ' bv a 
partial loss of appetite as in rats receiving vitamin D orally, the urinary' 
ehnunation of Ca and P was independent of the actual amount of Ca 3 ? 
intake within certain limits. ^ 



Grapii. 


/V X /OO ORAL administration 

f^fTROGEf^ //yTAME, 
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The oral admiuistrafciou of toxic doses of vitamin D caused a fall in fecal 
Ca and P. In rats of tJie injection group this fall was considerably delayed, 
though the other sjauptonis of toxicity had appeared already. The authors find 
themselves unable to explain this discrepancy at this stage. In later stages the 
proportion of ingested C’a and P recovered as fecal Ca and P rose in both the 
groups, showing possibly the combined effect of a decreased absorption and 
mcreas'ed excretion into 'the intestines. Tins rise in the orally administered group 
was observed before the appearance of what Harris and Innes {he. eU.) call the 
break-down of the gut function as a result of a severe hypervitaminosis D setting 
in. For in this group the severity of the other .symptoms was not apparent. The 
food intake had fallen by appro.ximately 50 per cent, while the rats had lost little 
weight. Hence it appears possible that thc gut function is affected probably before 
the'severity of hj-porvitaminosis set.s in, a possibility which requires further testing. 
It miglit be jiotcd that a certain irregularity does exist in day-to-day amounts of 
fecal Ca and P, hence it inigld be argued that since the dosage with vitaniin D 
although toxic was not very excessive, its oral administration coupled with an 
indifferent absorption from tlie intestines contributed to the irregularity observed 
in the fecal calcium and phosphorus. 

The retention of both calcium and pho.sphorus have been adversely affected, 
that of phosphorus more than that of the foj-mer (Table III). While in the control 
rats the calcium retention was about 70 per cent, in the liypervitaminotic rats it was 
between 26 and 41 per cent. Phosphorus retention was about 56 percent in the 
four control rats ; it had fallen down to 5 to 15 per cent in the liypervitaminotic 
animals. Light. Miller and Frey (ioc. cit.) have reported a similar greater elimina- 
tion of phosphorus than of calcium in hypervitaminosis D. 

The effect on the demineralization of bone. — The rats receiving Vigantol were 
killed at the end of the experiment, their femora removed, carefully cleaned of the 
adhering tissue, and extracted with a mixture of ether and alcohol till free from 
fat. The bones were then dried and powdered. Weighed quantities of the bone 
powder were then ashed accordina to Stolte’s method as described by van Slyke 
and Peters (1932), the ash dissolved in dilute hydrochloric acid and made to a 
known volume. Calcium and phosphorus were determined in aliquot portions bv 
the methods described previously. 


The femora of several normal animals were also analysed in a similar manner. 
The results of bone-ash analyses of the normal as well as the rats receiving toxic 
doses of vitamin D are given in Tables IV and V respectively. 


The ash content of the bones of the normal rats is found to be higher than 
that of those receiving toxic doses of vitamin D. The demineralization of bone 
rn hypervitaminosis D has been previously observed by Brown and Shohl {loo. cit.) 
and Harris and Innes (loc. cit.). Jones and Robson {loc. cit.), however, do not 
think that demineralization takes place under such conditions. Thev arene that 
the young growing rats, on which most of the experiments had been done by the 
wher workers, suffer a loss of appetite on administration of toxic doses of vitamin 
D as a result of which Ca and P intake is reduced, which in turn affects the 
deposition of these elements in the bone. The control rats in the meantime on 
account of the small doses of vitamin D, continue to eat well and grow normally 
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figures for eight days. 

Figures for entire period of hypcrvitaminosis. 
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Table V. 


C(i Mul P content of the ash of the femora of hy'i'iervitaminotie rats. 


Administration of Vig.antol. 

Rat number 
and sex. 

Ago ill 
ilay.s. 

Ash per 
cent on 
bone. 

COMI-OSITION OF 
ASH. 

Ca 

V 

Ca 

per cent. 

P 

per cent. 

Orally for 1.3 days 

4G1 $ 

103 

01-00 

37-70 

13-74 

2*7i) 

,, 31 ,, 

402? 

203 

50-30 

38-53 

14-71 

2-01 

„ 12 „ 

404$ 

222 

51-30 

38-20 


2-71 

„ 13 

4G7d‘ 

103 

57-15 

37-00 

15-.52 

s 

2-44 

„ 12 „ 

408 (T 

222 

47-04 

37-81 

14-01 

2-53 

>> 31 »» ' • 

400 0- 

202 


38-08 

15-38 

2-47 

Subcutaneously for 14 day.s 

400$ 

202 

50-74 

38-37 

13-85 

2-77 

•’8 

>> 

403 $ 

237 

50-10 

38-33 

13-58 

2-82 

„ 21 

4.65 

231 

50-50 

37-10 

15-89 

2*33 

.. 14 „ 

400 cf 

202 

57-15 

38-11 

15-70 

2-42 

Mean 


55-477 

38-025 

14-735 

2-585 

Standard deviation 

4-32 

0-393 

0-984 

0-194 

Standard error 

•• 

1-307 

0-124 

0-311 

0-0614 


withoiit an adverse effect on the mineralization of bone. At the time of the 
comparison the bones of hypervitaminotic rats naturally show smaller ash con en 
than the bones of the rats receiving smaller doses of vitamin D. On these ® 
Jones and Robson conclude that excess dosage with vitamin D has no speci 
eft'ect on the demineralization of bone, but probably it interferes with the deposi lo 
of the bone salt itself. They further argue that provided their contention i'* 
correct there should be no reduction in the percentage of bone ash m adu ‘ 
receiving toxic doses of vitamin D. They in fact did not find a reduction ^ 
ash content of the bones of adult rats under these conditions. rn psiilts 
in Tables IV and V were obtained by experiments on adult rats. Ihese r 
indicate a demineralization of the bones in hypervitaminosis D. 

A reference to the tables will show that whereas both the cabium 
■phorus content of the bone ash is reduced in hypervitaminosis D the 
reduction is not the same with both of these elements. The observe 
between the mean values for Ca and P for the normal and hypMVi 
is statistically significant. The effect of toxic doses of vitamin D seems 







V. N. PatmrdJian and R. G. Ghitre. 


457 


in a greater' removal of phospliorus tlian of calcium, in consequence tlie Ca : P 
jatio changes from •2-226 ±0-115 in the bone ash of the normal rats to 2-585 ± 
0-194 in that of the hypervitaminotic rats. These results are not in agreement 
also with those of Kern, Montgomery and Still (loc. cit.) who reported no change 
in the Ca*; P ; CO 2 content of the bones of rats fed with toxic doses of irradiated 
ergosterol. The removal of extra phosphorus from the bones is in agreement with 
the observed excretion of phosphorus which is in excess of that of calcium. 

These results might probably be said to have a bearing on the mineral 
composition of bone. That the latter is by no means constant for all ages even 
in the same species of animals has been shown by Kramer and Shear (1928). They 

showed that the value for g - — varied from 8 to 10 per cent in the normal 

young rats to about 15 per cent in the adult rats ; it was even greater in the rachitic 
rats. They indicated the possibility of the precipitation of a basic calcium salt 
in the freshly deposited bone salts. Robison (1936) has reviewed the e-vidence 
bearing on the mineral composition of bone from which it appears that various 
investigators are far from agreeing about the composition of the complex salt. 
Although it is generally agreed that the complex salt may be of the nature of the 
carbonate- or' hydroxy-phosphate type, the possibility does exist of the presence 
of mixtures of calcium phosphate with other salts. Schmidt and Greenberg (1935) 
also visualize a similar possibility best expressed in their own words, ‘ ... .it is 
clear that no single compound can account for the mineral matter in the bone. 
Even if in the main it is composed of a single complex salt it is probably admixed 
mth other slightly soluble salts ’. 

These results can also be interpreted in a different manner. If the bone salts 
did exist as mixtures of calcium carbonate and calcium phosphate, both or either 
of these salts might be removed from the bone in the process of demineralization. 

In case only calcium phosphate was being removed the ratio would 

increase. If such a supposition were correct the CaCOs : Ca 3 (P 04)2 in the 
demineralized bone would also change. Eurther, there would remain no necessity 
to think in terms of a greater withdrawal of phosphorus than of calcium. Un- 
fortunately the values of CO 2 content of the bone have not been determined in 
this series of experiments. Work is in progress dealing with these and other aspects 
of demineralization. 


Summary. 


Vigantol was administered to adult albino rats orally and subcutaneously in 
doses of 4,500 I. U. per rat per day and the following observations made : 

1. The subcutaneous administration of Vigantol proved more toxic than 
thh oral administration of an identical amoimt as judged by the loss 
of weight, loss of appetite, and the general condition of the rats 


2 . 

3. 


The urinary mtrogen rose m spite of a stationary or diminished intake 
ot ioocl. it fell down sharply when the rats ceased to eat. 

The urinary excretion of calcium and phosphorus increased and continued 

at a high level even durmg the. period of the partial decrease in food 
intake. 
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4. ra3cal calcium first fell and then rose in rats receiving Vigantol by moutli. 

The fall of faecal calcium was considerably delayed in rats to wiiicii 
Vigantol was administered subcutaneously. 

5. "Faecal phosphorus followed more or less faecal calcium, but was found 

to be considerably more irregular. 

G. Jn rats receiving Vigantol more phosphorus was eliminated from the 
body than calcium. Both Ca and P retentions were reduced but 
that of P more so. 

7. The ash content of the bones of rats receiving Vigantol orally as well 

as subcutaneously was less than that of the normal animals. 

8. More phosphorus was withdrawn from the bones than calcium with 

the result that the Ca : P ratio was altered from 2'226 in the normal 
rats to 2‘585 in the rats receiving Vigantol. 
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Undkb normal conditions of diet and health, it is well known that an analysis 
of urinary constituents afEords valuable information on the catabolic processes 
within the system and in fact on the whole problem of metabolism. It appears 
that no systematic work has yet been done on this subject in India. Observations 
on single specimens of urine, covering a period of only three to four hours, are 
quite common ; but it will be understood that to correlate such results with total 
metabobsm is open to serious criticism. The composition of urine varies &om 
hour to hour during the day and only those results based on determinations 
covering a full period of twenty-four hours may be regarded as reasonably con- 
stant and to represent the true index of the metabolic activity of the individual. 

The persons examined in this way all belong to the middle-class Hindu 
Bengalees. So far as could be ascertained, they had all been keeping in good health 
for the last two years. The age of the subjects ranges between 16 and 28 years. 
Members of both sexes are included so that these figures may be representative of 
the Bengalee middle class as a whole. 

The specimens of urine were collected for 24 hours, a little toluene being used 
as a preservative. In order to prevent the loss of any ammonia, a little glacial 
acetic acid was added to the bottle before' the collection of urine. This acid 
helped to keep the pH of the collected urine on the acid side. After 24 hours, 
the volume of the rttine collected was measured and the estimations were made 
on an aliquot portion. The figures so obtained are given in the Table and 
represent grammes of each substance excreted during 24 hours. For comparison 
the corresponding figures for normal Americans and Europeans are placed 
side by side. The American figures are taken from Fohn (1914), whereas 
the European figures are obtained from the book on ‘Practical Phvsiolofrical 
Chemistry’ by Cole (1928), ' 

( 459 ) 
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Table. 


Showing amount in grammes of each substance excreted during 24 hours. 


Volume 


Urea 

Creatinine 

Uric acid . . 

Total nitrogen 
Inorganic sulphate (as SO 3 ) 
Ethereal sulphate (as SO 3 ) 
Neutral sulphate (as SO 3 ) 
Chlorides (expressed as NaCl) 
Inorganic phosphorus 

Calcium 


Bengalees*. 


1,700 c.c. 


4*3 


1-38 


0-70 


4-83 


0‘65 


0*10 


0T8 


17-4 


0-68 


0-061 


(Max. 
(Min. 
(Max. 
(Min. 
(Max. 
(Min. 
(Max. 
(Min. 
f (Max. 
(Min. 
(Max. 
(Min. 
(Max. 
(Min. 
(Max. 
(Min. 


2 , 100 ) 

1,500) 

6-58) 

0- 79) 

1- 58) 

1- 09) 
0-90) 

0- 31) 
8-43) 

2- 89) 

1 - 80) 
0-43) 
0-19) 
0 - 00 ) 
0 - 22 ) 
0 - 12 ) 


(Max. '-21-3) 
(3nn. 13-6) 

(Max. 1-11) 

(Min. 0-45) 

(Max. 0-067) 

(Min. 0-048) 


Americans. 


1,500 c.c. 


31-65 


1-55 


0-64 


16-80 


3-27 


0-19 


0-18 


10-15 


0-85 


0-17 


Europeans. 


30-0 


1-55 


0-70 


16 '( 




0-17 


O'UO 



* These figures are the averages based on the analysis of 24 hours’ samples of urine 
fifty individuals. 

Total nitrogen, was calculated by the Kjeldabrs method, urea 
urease method, creatinine according to Jafie’s method as modified by Fohn ( o- 
uric acid by Benedict and Franke’s (1922) method, sulphates by ^ 

Drummond’s (1914) method, chlorides by Whitehorn’s (1921) method, P T ^i 
by Fiske and Subbarow’s (1925) method, and calcium by Shohl and red ey 
method, 
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Discussion. 


The most striking fact that is revealed in these analyses is tlie amazingly low 
values for total nitrogen, urea, and inorganic sulphates in the urine of normal 
Ben<^alees. Compared with these, the corresponding figures for average Europeans 
or Americans are five to seven times greater. These low values seem to prove 
that the average Bengalee diet is very poor in proteid food-matters. Direct 
measurements of the amounts of proteins ingested per day by middle-class 
Bengalees are now being investigated, but the results obtained so far fully corro- 
borate the findings of the urine analysis. In this connection it may be of interest 
to compare the figures obtained by Folin in cases where the diet was known to be 
deficient in proteins. He found that such persons excreted on an average about 3-5 
grammes of nitrogen, 4-72 grammes of urea, and 0-46 gramme of inorganic sulphate. 
It may be seen that these figures are remarkably similar to the figures obtained 
from Bengalee subjects. 

It is well known that all metabolic nitrogen passes ofi in the urine, a negligible 
portion being lost in the faeces, perspiration, and epidermal substances such as hair 
and cuticle. It is customary to estimate the nitrogen of the faeces as one-tenth of 
the total nitrogen ingested. Calculated on this basis, i.e., by taking the total 
nitrogen in the urine to represent nine-tenths of the amount of nitrogen ingested 
with the diet, we find that an average Bengalee takes about 5‘0 grammes of nitrogen 
per day ; or, in other words, he is ingesting about 35 grammes of protein per day. 
This value confirms the previous findings of IiIcCay (1908, 1911) and Campbell (1919) 
who gave the level of protein metabolism in the inhabitants of Bengal as between 
30 and 40 grammes of protein per day. Now according to Chittenden, ‘ the physio- 
logical needs of the body are fully met by a metabolism of protein matter equal to 
an exchange of 0 10 g. to 0‘12 g. of nitrogen per kg. of body-weight ’. This would 
mean an allowance of 39 to 46 grammes of protein per day for a man of average 
weight (120 lb.). It must be noted that this figure of 39 g. to 46 g. of protein 
represents the minimum requirement and the amount which would ordinarily be 
allowed in planning a dietary is obviously much greater. But even disregarding 
this objection, it will be seen that the protein intake of an average Bengalee falls 
below the minimum. If the physiological protein minimum is taken to be 30 
grammes, it appears that a middle-class Bengalee is existing on a diet which is 
supplying him with the barest minimum of proteid foods. Such a diet is 
absolutely detrimental to normal development and activities. 


The complexity of these investigations is well illustrated in the following 
experiment. In one subject, the urinary nitrogen output was found to be 4-15 
grammes per day. His diet when examined was found to contain 38-6 grammes of 
protein. The rice in the diet was changed to afia, thereby increasing the protein 
content by about 15 grammes. After the person had been on this diet for about a 
week, lus urine was again examined and again found to contain 4-1 grammes of 
nitrogen, showng that the same amount of nitrogen as before was bein^r 
metabolized. Unfortunately as we could not examine the feces of the subiect’ 
we coidd not ascertain what amount of total protein was being absorbed. Wilson 
and Mookherjee (1935) noted that Bengalee subjects are unable to utilize the 
whole of the protein when put on a comparatively rich protein diet. This would 
mean that generation of low protein intake has so disorganized the alimentary 
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canal of the Bengalee subjects that it is not possible for thorn to break clown aiiil 
absorb more than a small ciuantity of protein at a time. The effect of habit on 
the absorption of food-materials has been little studied and it seems that more 
attention should be given to this point before any drastic change in the habitual 
dietary is advised. 

The other figures, especially those relating to endogenous metabolism, i.e., the 
figures for creatinine and neutral sulphur exci’etions, are nearly the same for a 
Bengalee as well as for an American or European. The creatinine figures for tlie 
Bengalees are a little lower but that may be due to their smaller body-weights. 
This suggests that racial and climatic changes may not have a profouncl influence 
on endogenous metabolism. 


The figures for uric acid are worthy of notice. It may be seen that the daily 
output of this acid by Bengalees or Europeans is nearly the same. This fact is 
rather curious because, the Bengalee diet being deficient in animal foods, the 
output of uric acid by Bengalees might have been expected to be much lower. 
Neither can this increase be due to mild hyperthyroidism, forilukherjee and 
Gupta (1931) have shown that the basal metabolic rates for Bengalees are on an 
average 10 to 15 per cent lower than European figures. Our results tend to 

confirm those of Siven (1901) which showed that the greater part of the uric acid 

excreted is of endogenous origin. On the rice diet of Bengalees— a diet which 
tends to produce an alkaline urine — uric-acid production and elimination will be 
greatly stimulated. This stimulation in the endogenous formation of uric acid 
through the ingestion of a rice-rich diet coupled with the exogenous acid formed 
from the purines of fish, which forms a part of all Bengalee diet, may cause tins 
apparently high concentration of uric acid in the urine of the Bengalees even 
though the diet is deficient in purine-rich materials such as liver, spleen, or 
thymus. 

As regards the inorganic constituents of urine it will be seen that phosphorns 
figures for Bengalees, Americans, and Europeans are very nearly the same. ^ 
phosphorus in the urine is derived mainly from the casein in the diet, it appears 
that the amount of miUr or milk products ingested by Bengalees or Euiopcan'i 


must be more or less^ equal. 

Calcium output is definitely lower in the case of Bengalees. It 
to the deficient nature of their diet with respect to this element. ^ 
the Bengalee diet is supplied solely by milk, whereas the European or American 
is further enriched by the inclusion of cheese. As cheese is the richest sourc ^^^ 

this highly useful inorganic constituent, the daily intake of calcium by Eiirop • 
or Americans is much greater than in the case of Bengalees. ^ 

Chloride excretion is greater in the case of Bengalees. A 
outputs of the normal Bengalees and the .Americans shows that the former are 
ing about 20 per cent more chlorides in the urine. These estimations ‘ 
out during the months of April and June, when the weather jjjnst 

and humid. In addition to the chlorides given out in the urine, the su 
have lost a conceivable amount of chlorides in their sweat. Fohn ( jufted 
not mention the weather conditions under which his experiments were 
but from the date of publication of his paper, it appears that probable, 

were conducted under winter and autumn conditions. It appears v ^ i 
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tliereforc, that the average intake of salt by Bengalees must be about 50 to 
100 per cent greater than that of Americans or Europeans. This point is of great 
interest and its significance is more fully discussed in another paper in which the 
metabolic activity of patients suffering from epidemic dropsy is studied. 

Summary, 

The average composition of the urine of middle-class Bengalees in normal health 
is given. The averages are based on the analysis of a large number of normal urines 
collected over a period of twenty-four hours. It is found that, as compared with 
the corresponding figures for normal European or American subjects on ordinar)’- 
mixed diets, total nitrogen, mea, inorganic sulphate, and calcium excretions are 
much lower, chloride excretion is definitely higher, whereas creatinine, uric acid, 
ethereal and neutral sulphate, and inorganic phosphate outputs are more or less the 
same. The significance of these findings is discussed. 
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In continuance of our work on the metabolic activity of the normal mddle- 
class Bengalee (Ray and Ganguly, 1938), it was decided to extend our observa- 
tions on ininary composition to pathological conditions. Epidemic dropsy formed 
the first of a series of observations, since it is "well known that this disease is 
prevalent among the Bengalee community. 

The methods of analysis and the collection of twenty-four-hour samples of 
urine were si-mil ar to those used previously. The Table gives the amount of the 
more common constituents present in the urine of epidemic-dropsy patients. 
For the sake of comparison, the corresponding figures for normal Bengalee 
subjects (Ray and Ganguly, loc. cit.) are placed side % side. 


Table. 

Showhig amount in grammes of constituents present in the urine of 
epidemic-dropsy piatienls. 


The results are all expressed in grammes per 24 hours. 



Epidemic dropsy. 

Normal. 

Urea 

46 

(Max. 6-33) 

\ 4-3 

Creatinine 

1-22 

(Min. 2-49) 

(Max. 1-70) 

1-38 



(Min. 0'85) 
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Table — coneU. 



j Epidemic dropsy. 

Normal. 

Uric acid . . 

0-94 

' (Max. 1-89) 

(Min. 0-49) 

1 0-70 

Total nitrogen 

4-56 

' (Ma.\'. 7-33) 

, (Min. 2-13) 

4-83 

Inorganic sulphate 

\ 

0-69 - 

i 

r (Max. 1'02) 

[ (Min. 0'07) 

1 0'63 

1 

Ethereal sulphate 

0-10 -j 

1 

f (Max. 0-29). 

[ (Min. O-Ol) 

0-10 

Neutral sulphate , . 

0-17 

^ (Max. 0-25) 

, (Min. 0-11) 

1 0-18 

Chloride (expres.sed as NaCl) 

11-4 

' (Max. 16-8) 

, (Min. 9'3) 

17-4 

< 

Inorganic phosphorus 

0-11 1 

^ (Max. 0-22) 

, (Min. 0-07) 

0-6S 


Discussion. 

Tt will be noticed that the figures for urea, total nitrogen, and 
sulphates are more or less the same as in normal subjects. Since most o 
patients were more or less on the same diet which they were having hetore i • 
onset of the disease, the similarity of the figures for the three excretas m ‘ 
and epidemic-dropsy patients would imply that protein metabolism on the w i ^ 
is not much affected in epidemic dropsy. In more severe cases, where 
have been restricted, the figures obtained were definitely different from those g 
in the Table ; but the results of the urinary examinations of such severe 
have not been included, 

The figures for creatinine and neutral sulphur are a little lower it 

epidemic-dropsy patients. The difference, however, is not very sigmhcan 
may be partly due to the wasted condition of some of the patients. 

Contrary to expectations, the values for ethereal sulphate was found 
same in both normal and pathological subjects. In view of the Prevalent _ 

intestinal bacterial action may be one of the factors which cause epiaen^^^^ 
it might have been supposed that the amount of ethereal siilphates , , 
iLSrf in epidemic dtopsy, for it is well established that ^ iXf U 
owe their origin to the detoxication of cjchc-hydroxyl compounds ‘ 
bacterial degradation of proteins and ammo-acids m the mreswu . 
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therefore, that, if epideuric dropsy is due to any bacterial toxin, it cannot be of 
phenolic nature. This fact is also supported by our observation that, except in 
one or two cases, indican could not be detected in tbe urine of epidemic-dropsy 
patients. 

It will be noticed that the uric-acid excretion is definitely increased in epidemic- 
dropsy patients. This fact supports the previous findings of manj^ observers that 
the uric-acid content of blood is also greatly increased in epidemic dropsy. The 
reason for this increased output of uric acid is at present obscure, but it probably 
points to the fact that the metabolism of tbe cell nuclei is greatly disturbed in 
epidemic dropsy. It may also be mentioned here that in three or four of the cases 
the thyroid gland was found to be definitely enlarged; but it is doubtful 
whether the increase in tbe uric-acid output is in all cases due to hyperthyroidism. 

Another strildng feature is the abnormally low excretion of inorganic phos- 
phates in the urine of epidemic-dropsy patients. In fact, in our view, this finding 
may be utilized in tbe clinical examination of urine in suspected cases of epidemic 
dropsy. Tbe average figirre is five to six times lower than that of normal subjects 
and every case, which was definitely diagnosed as active epidemic dropsy, showed 
this lowered output. Even the maxipium figure obtained was less than half the 
minimum figure obtained for middle-class Bengalees on an average mixed diet. In 
order to examine whether inorganic phosphates are accumulating in the blood, a 
few samples of blood of epidemic-dropsy patients were examined. The values were 
found to be only slightly higher than those for normal subjects. We had, however, 
the opportunity of examining two samples of pericardial fluids obtained from two 
subjects who had succumbed to this disease. The inorganic phosphate content 
found was 1-12 mg. and 0‘87 mg. per 100 c.c., respectively. These concentrations 
are about four to five times higher than the phosphate content of lymph fluids. 
The fluids were, however, obtained from cadavers two days old, and unless 
cedematous flruds of living persons can be examined, we cannot positively assert 
that the lowered output of inorganic phosphates in the urine is due to the 
retention of such substances in the cedematous parts of the body. 

A remark may here be made in connection with the excretion of chlorides. It 
has been pointed out in a previous paper (Bay and Ganguly, he. cit.) that the average 
intake of salts by Bengalees is about 50 per cent higher than in the case of 
Europeans. It may be seen from the Table that the output of chlorides is definitely 
lower in the case of epidemic-dropsy patients. Obviously the patients are retaining 
a portion of the ingested salt, as in many of the cases examined the patients were 
taking the same diet as they had taken before they were attacked bv this disease. 
The retention of chlorides is further proved by the fact that the concentration of 
chlorides m blood is increased during an attack of this disease. It is advisable 
therefore, to decrease the amount of salt taken with the diet, in cases of epidemic 
dropsy. In this connection, it may also be noted that in the two samples of 

mdematous flmd examined, the concentration of chlorides was found to be similar 
to that ot plasma. 


1 calcium excretions were examined and were found to 

be 22-5 mg. and 17-2 mg. per 100 c.c. of the urine, respectively. Thlse vaLes are 
very small even when compared with the lowest values (61 mg. per 100 c c ) 
recorded for normal Bengalee subjects. The observations were re'strfcted to on]y 
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two persons, because in all other cases the patients were taking extra calcium salts 
after the onset of the disease. In such cases, therefore, the calcium excretion does 
not indicate the true state of calcium metabolism within the body. 

Summary. 

Examination of the composition of the urine of Bengalee patients suffering 
from epidemic dropsy has revealed the fact that the excretion of inorganic 
phosphates, chlorides, and calcium is very much lower than in normal Bengalee 
subjects. The figures for other luinary constituents are similar to those of 
normal subjects. 
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The applicability of titration curves in studying tbe complex physico-cliemical 
changes in the protein molecule due to immunization has been suggested from time 
to time. Thus, Marrack and Smith (1930) observed that the titration curve of 
diphtheria toxin-antitoxin floccule resembled that of normal serum pseudo-globulin. 
Biswas (1936) observed a difierential adsorption of hydrogen ions from oxalic acid 
by the pseudo-globulins of normal and antidiphtheric serum. This may be 
accounted for easily by the assumption of certain changes, constitutional or 
otherwise, undergone by the globulin molecule during the process of immunization. 

The object of the present paper is to study in vitro similar changes associated 
with the globulin molecule directly by selecting both as antigen and antibody a form 
of pui'e globulin. Accordingly, pure pseudo-globulin of normal horse serum and the 
antibody globulin prepared with the same as antigen by immunizing rabbits together 
with pme pseudo-globulin of normal rabbit’s serum have been selected for the 
potentiometric titrations. Titration curves have been drawn with N /lO solutions 
of hydrochloric and oxalic acids, baryta, and caustic soda. 


Experimental. 

Normal horse serum was precipitated with half-saturation concentration of 
ammonium sulphate and the precipitate after centrifugalization dissolved in con- 
ductivity water, and dialysed under ether in a closed membrane till free from 
(SO4)" ions. The percentage of globulin in this solution was determined and 
adjusted to 0-5. 

A 0-14 per cent solution of pure pseudo-globulin was also prepared from normal 
rabbit s serum by a similar process. Immunizing a rabbit mth the former solution 
as antigen a serum was obtained with a precipitin titre of approximately ] in 

( 469 ) 



470 


AdsorpioU' of Hydrogen Ions by Serum Globulin. ■ ■ 

1.000. Pure globulin was prepared from this serum as before and a 044 per cent 
solution of pseudo-globulin was prepared. 

Potent! ometric titrations were carried out with hydroqninhydrone electrodes 
(Biilrnann and Lund.. 1921) by using 10 c.c. of the globulin solution in a small 
titration vessel in an electricall}'- controlled thermostat at 374°C. ± 0'1°C. 
Titres corresponding to 1 decigram of globulin were calculated. 

RESULTS. 

Table T. 

iY/10 hydrochloric acid. 


Normal serv.m pseudo- 

GLOBULIN. 


antiserum pseudo-globulin. 


c.c. of acid | 
corresponding 
to 1 decigram 
of globulin. 

pH. 

c.c. of acid 
corresponding 
to 1 decigram 
of .globulin. 

1 

pH. 

0-0 

5-20 

0-00 

5-39 

0-4 

J 4-25 

0-45 

4-55 

0-8 

1 

3'41 

1 

0-90 

3’o5 

1-4 

2-66 

1-59 

2-71 

2-0 

i 2-33 

2*27 

2-23 

2-8 

2-02 

3-17 

1 

1-92 

3-6 

1-S6 

4-08 

1-78 

4-4 

1-76 

4-99 

r65 

5-2 

1 1-68 

5-90 

1-57 

6-2 1 

1 

1 1'.55 

7-03 

1-50 

i 

1-.32 

8-17 I 

1-42 
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I’able it. 



2’abi,e III. 
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Adsorjption of Hydrogen Ions hy Serum Globulin. 

Table IV. 

iV/lO sodium hydroxide. 


NohJIAI, SERtlil PSEBDO- 
GLOHULIN. 

Axtiseruji pseudo-globblin. 

c.c. of alkali 
corresponding 
to 1 decigram 
of globulin. 

pH. 

c.c. of alkali 
corresponding 
to 1 decigram 
of globulin. 

pH. 

0-00 

5-20 

0-00 

5-39 

O-'li 

6-86 

0-49 

6-32 

0-90 

7-00 

0-98 

7-41 

1-34 

* 7*22 

1-47 

7-67 

1-80 

7-57 

1-96' 

■ 7-79 

2-70 

7-79 

2-94 

8-00 

3-60 

7-88 

3-92 

8-18 

4-50 1 

8-06 

4-90 

8-34 

5*40 i 

8-26 

5-88 

8-42 

6-30 1 

8-34 

6-86 

8-65 

7-20 

8-41 

7-84 

8-81 


Table V-a. 


Pseudo-globulin of normal rabbit’s serum 0’14 per cent solution, 
(a) V/IO hydrochloric and oxalic acids. 


N/10 HyDBOCHLOBIO acid. 

N/10 OXAIJO ACID. 

c.c. of acid 
added per 

pH. 

c.c. of acid 
added per 

pH. 

decigram of 
protein. 

decigram of 
protein. 

0-00 

5-03 

0-00 

6-03 

1-42 

3-11 

2-84 

4-72 

2-84 

2-67 

4-97 

4-14 

4-97 

2-25 

7-10 

3-62 

7-10 

2-05 

9-94 

3-26 

9-94 

1-91 

12-78 

2-93 

12-78 

1-78 

15-62 

2-62 

15-62 

1-70 

18-46 

2-40 

18-46 

1-61 

22-01 

2-18 

22-01 

1-65 

25-56 

2-07 

25-56 

1-50 

• • 
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Table V-6. 


Psouio-fflobulin of normal rabbit’s serum 0T4 per cent solution, 
(b) N/10 baryta ami caustic soda. 


N/IO BiBYTA. 


c.o. of alkali 
added per 
decigram of 
protein. 


pH. 


0-00 

1- 42 

2- 84 

4 - 26 

5- 68 

8-52 

11-36 

14-20 

17-04 

21-30 

25-56 


3-03 

3-75 

7-10 

7-41 

7-01 

7-82 

7- 98 

8- 26 

8-47 

8- 83 

9- U 


Jf/10 CAO'STIO SODA. 


c.c. of alkali 
.added per 
decigram of 
protein. 

1 

j pH. 

I 

i 

0-00 

I 

[ 

5-03 

1-42 

6-94 

2-84 

i 

7*43 

1 

4-28 

1 

i 

' 7-68 

i 

6-39 

I 7-82 

I 

9-23 

8*10 

1 

12-78 

8-28 

15-62 

8-39 

19-17 

i 8-65 

22-01 

! 

8-86 

20-56 

9-04 

1 

1 


J, MB 


10 
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Discussion. 

Graph 1 {vide Tabic 1) represents the titration curves of normal serum (horse) 
pseudo-globulin and its antibody with N/10 hydrochloric acid. The results 
indicate only that the adsorption of H ions from a strong acid lilre HCl by 
both the globulins is practically identical below pH 5'0. Eigorously speaking, 


Graph 1. 



* ’ * ©r 

however, initial portions of the curves would suggest a superior capacity o 
adsorption of H ions by the antibody-globulin. 

Graph 2 {vide Table II) describes the adsorption of H ions from oxalic acicl. 
Here on the acid side of the iso-electric point of globulin at pH 5'3 (Michaelis an 
Davidsohn, 1912) no prominent difference of hydrogen-ion adsorption is observ 
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between t]ie two globulins. Biswas (loc. cil.) observed with anticliplitheric serum 
globuUu a characteristic difference of H-ioii adsorption from oxalic acid as coprpared 
with tliat of normal globulin. Only near the iso-electric point {vide Graph 2) the 
curve of the antibody globulin is a bit steeper than that of the normal one. 


Graph 2. 



Grapli 3 (vide. Table III) shows the behaviour of the globulins towards hf/10 
baryta. The adsorption curves nm more or less parallel, indicating that titration 



pH 
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with a weak alkali is not influenced hy the determinant ''roupin''3, if any, of the 
antibody globulin. 


Guaph 3. 



c.c, of alkali added per decigram of protein. 


Graph 4 {vide Table IV) represents the titration curves with N/10 
The cinves antersect near about pH 7-0 and the steeper character of ^7'ion3 
globulin curve initially represents an inferior capacity of adsorption or ( 
by the normal globulin which is equivalent to a superior afanity for H ions. 
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is somewhat analogous to the observation by Biswas {loc. oil.) in the titration 
of antidiphtheric serum globulin at about pH S'O. 


Graph 4. 



Graphs 5-a and 5-6 (vide Tables Y-a and Y-b) represent the titration curve of 
pseudo-globulin of normal rabbit’s serum with decinormal solutions of hydrochloric 
and oxalic acids, baryta and caustic soda. These curves show parallelism with 
those of the pseudo-globulin of normal horse serum {vide Graphs 1, 2, 3, and 4). 
This would suggest that the results obtained with the normal globulin of horse serum 
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liave also been corroborated in tlie case of ‘normal rabbit’s serum. Thus the obser- 
vations with the immune globulin have been referred to both the normal globulins 
of horse serum, also used as the antigen, and of rabbit’s serum. 


Graph 5-u. 



A general review of the titration curves would suggest that in, the titration w^h 
a strong alkali like sodium hydroxide the characteristic groupings of the antibo ) 
globulin are probably brought into play at a higher level ' of pH than the 
iso- electric point. ■ ^ 
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Graph 5 - 6 . 



' SUIIJIARY AND CONCLUSION. 

1. Botli the normal and tlie antibody globulins exhibit no marked difference 
in their capacities of adsorption of H ions from different acids, e.g., hydrochloric 
and oxalic. 

2. Titration with a weak alkali, such as baryta, does not show any difference 
of TT-ion adsorption between the two globulins. 

.3. Titration with a strong alkali, such as sodium hydroxide, suggests that 
normal globulin possesses a stronger affinity for H ions than the antibody 
globulin. 
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The study of titration curves thus helps considerably in making a qualitative 
survey of the physico-chemical changes undergone by the globulin molecule 
during immunization and it remains to introdiice newer scientific methods in 
order to obtain quantitative resiilts. 
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Skimmia laureola is an evergreen shrub of the Natural Order, Rutacece. It 
is known in Nepal as Chwnloni and in the Punjab as Ner. It is distributed 
throughout the temperate Himalayas from Jlurree to Mishmi and Khasia 
mountains. It is a common shrub in the Boon Hills. The botanical description, 
which is given in detail in the ‘ Indian Medicinal Plants ’ (Kirtikar and Basu, 
1918), is avoided here. The leaves are said to be burnt near smallpox patients 
for curative efiects. 

The species Skimmia japonica, Thunb., growing in Japan, has been examined 
in fair detail by different workers, such as Eijkman (1884), Schulze (1902), Honda 
(1901), and Asahina and Inubuse (1930). The leaves have been found to contain 
the alkaloid, skimmianine Ci^HisO^N, umheUiferon, an essential oil containing a 
terpene, skimmen CjoHje, and palmitic acid. The bark has been found to contain 
a non-toxic glucoside, shimmin CjsHieOg and probably also hesperidin. 

Some work has also been done with the leaves of the Indian species by such 
workers as R our e-Bertrand Fils (1920), Schimmel & Co. (192,3), and Rajdhan 
(1930). These investigations have been confined to the essential oil, which has 
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been found to contain 13 per cent of terpenes ( ^-phellandrene, less of a-pinene), 
about 63 per cent of esters (mainly linalyl acetate), 18 per cent of alcohols 
(linalool, and probably some terpineol), a; 2 ulene, an oil CjsHooOsj bereapfcen, and 
traces of an aldehyde and ketone. 

There seems to be no published record of the other constituents of SJdmmia 
laureola and the present investigation was undertaken to investigate these and 
to work out their medicinal value, if any. The dried leaves examined b.v us 
were kindly collected and identified by Mr. R. L. Badhwar from Gulmarg near 
Kashmir at about 8.000 to 8..600 feet above sea-level. 


Chjejiical examination. 

Preliuiinary test for alkaloids . — About 30 grammes of the powdered leaves 
were extracted with hot alcohol. The residue from the alcoholic extract was 
treated with dilute hydrochloric acid and the acid aqueous extract filtered. It 
was made allialine and extracted with chloroform. The residue from chloroform 
was dissolved in dilute HCl and tested with alkaloidal reagents, such as Wagner’s 
reagent, Meyer’s reagent, Kraut’s reagent, Sonnenschein’s reagent, picric acid, 
and phosphotungstic acid. The tests were all strongly positive and showed the 
presence of fair amounts of alkaloids. 

Assay for total alkaloids. — Twenty-five grammes of the powdered leaves 
were shaken with 200 c.c. of Prollius mixture in a stoppered cylinder for some 
time. One hundred c.c. of the extract were drawn off and evaporated. The 
residue was extracted with 1 per cent HCl and filtered. The filtrate was made 
alkaline with dilute ammonia and extracted repeatedly with chloroform. The 
amount of aUcaloid obtained corresponded to 0’5 per cent of the dried leaves. 

Preliminary systematic examination . — Fifty grammes of the powdered leaves 
were extracted in a glass Soxhlet successively with petroleum ether (B. P. 40°C. to 
60°G.), ether, chloroform, and absolute alcohol. The solvents were removed in 
each case and the residues weighed and tested qualitatively for the nature of the 
constituents. Petroleum ether extracted 5-7 per cent ; the residue was a green 
sticky mass and consisted mainly of chlorophyll, some essential oil, fatty oil, and 
waxv matter. Ether extracted 2-66 per cent, the residue consisted of traces of 
essential and fatty oil. Chloroform extracted 1-2 per cent; the yesidue was a 
brownish mass which gave feeble reaction for alkaloids. Finally, absolute alcohol 
extracted 17 '4 per cent ; the residue was a brownish viscous mass. Besides 
alkaloids, it gave reactions for sugars, organic acids, and traces of glucosides. 
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with small quantities of cold absolute alcohol when- au oily portion was removed 
leaviuff the alkaloid in a crystalline condition. The residue ^v•as re-crystallized 
from hot absolute alcohol when it was obtained as yellow, rhombic, octahedral 
crystals meltiiift at to 17G°C. The yield of the pure allraloid amounted to 

'I'O grammes. ^ 

The alkaloid was insoluble in petroleum ether, spaiaugly soluble in ether and 
cold absolute alcohol, soluble in hot alcohol, and readily so in chloroform. It 
dissolved in dilute mineral acids only when they were present in large excess. In 
HCl solution, it gave voluminous precipitates with alkaloidal reagents. The 
platinic chloride crystallized in rhombic plates and decomposed at about 185°C. 
Crystals of the pure base when treated with concentrated HNO3 ga,ve a. yellow 
solution which changed to orange red. With concentrated H 2 SO 4 it formed a 
brownish yellow solution which on the addition of ICClOs became reddish brown. 

From all the physical and chemical properties studied there could be no doubt 
that the alkaloid isolated from Skimmia laureola and purified as above was identical 
with skimmianine isolated before from Skimmia japonica. 

Attempts to isolate a ghicoside . — Eijkman (loc. cit.) isolated a glucoside from 
Skijumia japonica which he designated as skimmin CisIIioOs, and which is 
stated to resemble cesculin and scopolin very closely in its properties. Some of 
the methods for the isolation of glucosides were tried but none could be isolated 
from this species. Owing to the sudden departure of one of the workers (R. G. C.) 
further chemical work on the drug had to be postponed. 


Pharmacological action of skimmianine. — ^Honda {loc. cit.) first tested the 
action of skimmianine and found that its injection into the femora] hunphatics 
of Rana esculenta or Rana temporaria affects the appearance of the muscles at the 
place of application, and renders them stiff and brittle. The neighbouring 
muscles are also affected by larger doses. Voluntary motion becomes sluggish, 
the breathing becomes shallow, and the pupils get contracted. Reflex sensibility 
appeared as a rule to increase only in the case of Rana esculenta. The absolute 
strength and the work performed by the muscles were apparently diminished. 
The alkaloid has probably a direct action on the muscles of the heart, decreasing 
the amplitude of systolic contraction and causing disturbances of the diastole. 
The pulse is similarly affected even when atropine has been previously administered. 
Intravenous injection in rabbits causes general symptoms of poisoning. With 
moderate doses, muscular spasms are usually noticed. There is an initial fall of 
blood-pressure but the ultimate effect is a rise probably due to peripheral vaso- 
constriction. Skimmianine has no effect on the secretion of urine. 


Honda stated that the alkaloid could only be dissolved by dilute mineral 
acids when present in excess and he has probably carried out his e.xperiments with 
the acid solution. We experienced the same difficulty in trying the pharmaco- 
logical action. It was soluble in dilute HCl when the acid was preseiR in some 
excess. The reaction was near about pH of 1-3 and in trving to neutralize the 
solution further, the alkaloid was precipitated. The pharmacological action of 
this solution was tried on rabbits, cats, and frogs. The action of the acid however 
was so predominant that it masked the action of the alkaloid to a sreat extent’ 
Other salts of the alkaloid were tried but none of them vielded any more soluble 
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neutral soliztion. With the present state of our knowledge, it is not, therefore, 
possible to ascribe any specific pharmacological action to this alkaloid. 


Asaihua and Inubuse (19.30) 
Eijkmak (1884) . . 

Honda (1904) 

IviBTiKAR and Basu (1918) .. 
Rajdhan (1930) . . 

Rouee-Bertrand Fils (1920) 

ScniMMEL & Co. (1923) 
SonuLZE (1902) .. 

SiMONSEN (1921) . . 
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The name Samudra phena is derived from the words Samudra (sea) and 
Phena (foam), as it is generally believed to be the dried foam of sea water. In 
reality, it is the calcareous shell of a sea fish, probably of Sepia officinalis. The 
shell is oblong or elliptical and is very hard and brittle. The outer smTace is 
smooth and composed of thin flat pieces about J mm. in thickness arranged one 
above the other in a heap of thin layers, each layer being separated feom the 
other by longitudinal ridges. It can be easily scratched and pulverized. The 
inner surface is hard, porous, and easily friable. 

Samudra phena is used in Ayurvedic medicine as well as a very common house- 
hold remedy. In earache and oedema around the external auditory meatus a paste 
made with Samudra phena and the juice of Datura fatuosa is said to be highly bene- 
ficial. A powder made from Samudra phena is also dusted into the ear to relieve 
earache and otorrhcea. A medicated oil is prepared by boiling its fine scrapings in 
sesame oil which is used in earache. In skin diseases, it is applied locally with 
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lime-juice and with rose-water, it is applied to the body iu priclcly heat. Accord- 
ing to a well-known Ayurvedic physician of Calcutta who had kindly supplied us 
with a gemiine specimen of the drug for our analysis, it is a rich and cheap source 
of organic calcium and is used both externally and internally. In Ayurvedic 
practice, its internal use is not commonly recommended, but he has found it to 
be very effective internally and he considers it to be better than' calcium 
lactate. The dose is from 5 to 15 grains. 

The samiAe sent for analysis was a white lumpj.'elhptical in shape. It 
was finely powdered and .intimately mixed before maldng the qualitative and 
quantitative analyses. The result of the quantitative analysis is as follov/s : — 



Per cent. 

Lime, CaO 

. . 49-725 

Silica, Si 02 

0-580 

Iron, FeoO^ 

• . . 0-324 

Alumina, ALOg 

0-102 

Phosphoric acid, P 2 O 5 

0-048 

Carbon dioxide, COo 

. . 38-560 

NaCl 

1-670 

Potash, K 2 O 

. . Trace [ 

Magnesia 

. . Trace 

Sulphates 

. . Trace 

Moisture 

. . 3-925 

Organic matter 

5-066 


Total . . 100-000 


The amount of nitrogen in the organic matter amounted to 0’364 per cent of 
the total. Of the total calcium present, 49-070 per cent is combined with carbon 
dioxide as calcium carbonate and the balance 0-649 probably as organic calcium. 


Phahjiacology, therapeutics, etc. 

Being an insoluble inorganic preparation, the pharmacological action could 
not be studied in the usual manner. From the nature of the constituents, ' it is 
expected to be of some use clinically, both externally as an astringent and 
internally where calcium is indicated. An impure and uncertain product lilvC 
this does not, however, offer any special advantage over several, pure salts of 
calcium now being used in medicine. 
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The application of cobra venom in tberapeutics is of recent origin. Cabnette 
ct al (1933) and Tageuet and Rouseau (1933) have found that cobra venom 
iniected into spontaneous or grafted tumours of mice bad a marked curative 
effect. Analocfous results were obtained from intra-mural injection of cobra venom 
in certain malignant tumours. Cobra venom is a complex substance but the 
enzymes responsible for its effects on the tumour cells are, in the order of their 
imp'ortance. (1) phosphodiastase, (2) proteolysin, (3) hsemolysin, and (4) possibly 
hremorrhamn. The venom introduced into the tumour forms with the lecithin of the 
cells a lysocythin which has a pronounced cytol 3 'tic effect. In addition, the action 
of the proteolytic enzyme always present in the tumour cells is augmented bj- the 
proteolytic enzyme of the cobra venom. 

Chopra. Mukherjee and Chowhan (1937) have reported that both viscosity and 
surface tension of the blood suffer changes on injection of cobra venom, indicating 
a probable rise in protein concentration in the plasma. This rise in protein 
concentration is temporary and, in about 24 hours’ time, the blood appears to 
assume normal values.' The authors have not given an explanation how the 
viscosity and the surface tension are restored to their normal range. It is probable 
that the proteolytic enzyme of the venom comes into play and digests the extra 
proteins. If this were so, the protein concentration may even be expected to 
decrease in the course of a few days, as the enzymic digestion of the blood proteins 
proceeds. The role of the proteolytic enzyme in the venom, therefore, appears 
to be of great significance. 
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Studies on the Protease of Colra Venom. 


Ill the literature concerning the nature and action of the protease in cobra 
venom, there appears to be no record of a systematic study of factors affecting the 
earliest stage of protein break-down by this enzymic complex. Ganguly (1936) 
has confined himself to the detection of enzymes present in cobra venom without 
making any attempt to study the nature of the same. Ghosh et at. (1936o and h) 
in their studies on the enzymes of the venom have obtained some evidence regarding 
the nature of the proteolytic enzyme in the venom. They have recorded that 
the optimum activity of the proteolytic enzyme lies between pH 7-6 and pH 8'2 
depending on the nature of the substrate used and that the enzyme resembles 
trypsin. The methods employed by these authors involve estimation of the 
COOH groups set free in the process of hydrolysis, and the experimental data 
obtained by them, while throwing considerable lighten the nature of the enzymes, 
require, in our opinion, to be .supplemented, to establish the true nature of the 
enzyme. Systematic examination of the kinetic behaviour of the enzyme action 
on a suitable substrate should lead to a better understanding of the enzyme and 
to a correct estimate of the true enzymic activity. 

All the known proteases can be characterized by their pH optima and acti- 
vation behaviour. The optimum pH for pepsin is near 2-0, for cathepsin 4-0, 
for pancreatic protease 9'0, and for papain and yeast proteinase about 5'0. 
Marked activation by HCN is the rule with most proteases of the cathepsin type 
from animal tissues or of the papain type from vegetable tissues. A careful study 
of these factors will throw light on the natirre of the proteinase present in the 
venom. The present paper embodies the results of such a study. 


Experimental. 

The lowest concentration of cobra venom with measurable enzyme activity 
was found to be 0'05 per cent (1 in 2,000). This concentration was chosen for 
the study of the kinetics with a view to approach as far as possible therapeutic 
doses. 

Estimation of proteolysis . — The digestion of the protein was followed by the 
estimation of non-protein nitrogen soluble in trichlor-acetic acid after incubation 
of the enzyme solution with casein in buffered solution. For this estimation, the 
method of incineration followed by distillation of the ammonia into standard acid 
and back titration with CO 2 free N/500 NaOH, was employed. This procedure 
permitted estimation of the non-protein nitrogen to the nearest mg. per 100 c.c. 
of the digest. Two c.c. of the digest were precipitated with 5 c.c. of 10 per cent 
trichlor-acetic acid. The precipitated protein was filtered off and 5 c.c. of the 
filtrate taken for non-jirotein nitrogen estimation. A control experiment witli 
heat-inactivated enzyme solution, and casein in similar concentration, was also 
carried out simultaneously. A method of this type offers advantages chiefly ni 
respect of the applicability to the earliest stages of the protein digestion, over 
Wnistatter’s method involving the estimation of free amino group. 

Enzyme hinelics . — ^Five c.c. of a 0'2 per cent solution of cobra venom wem 
added to 50 c.c. of a 1 per cent solution of the sodium caseinate in buffer of pH 
8'6, and incubated at laboratory temperature. The non-protein nitrogen of this 
solution was estimated at the start and at intervals till it reached a constant value. 
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The digest was saturated with chloroform to prevent bacterial contamination. 
The results of the experiment are shown in Graph 1. It will be seen^hat the 
amount of protein digested could be represented by the formula Y = KV^, where 
‘ Y ’ is tlie increase in non-proteiii nitrogen, and t is the duration of the 
digestion. Within the limits of experimental error, the observed joints are -in 
agreement with the curve represented by the equation Y = Ki/t, where K is 
mven the value 2-4. The final value_ of non-protein nitrogen represents only 
40 per cent hydrolysis. The enzyme in such low concentrations appears to 
■ undergo inactivation. 

Graph 1. 



Hours. 


Determination op the opPimum pH for proteolysis. 

A series of buffer solutions at pH 2'0, 3’0, 4'0, 5'0, 6’0, 7'0, 8'0, and 9-0 were 
prepared using the respective salts required for each range. The buffered sub- 
strates for these experiments were prepared as follows : — 

Five c.c. of a 2 per cent casein solution were transferred to a graduated 
cylinder and the pH adjusted to the required value with decinormal sulphuric 
acid or decinormal sodium hydroxide. To this solution 2 c.c. of the buffer of the 
same pH were added and the volume made up to 9 c.c. This solution was transferred 
to a test-tube to which 1 c.c. of the freshly prepared enzyme solution was added, 
thus adjusting the concentration of the substrate to one per cent. Initial samples 
were taken for estimation of non-protein nitrogen and the digest then incubated 
for 24 hours at the laboratory temperature. At the end of this period 2 c.c. from 
each digestion tube were taken and precipitated by the addition of 5 c.c. of trichlor- 
acetic acid and the non-protein nitrogen in the filtrate estimated in the manner 
J , MR 1 1 
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clesciibed above. Ihe results are represented in CIrapli 2. The optiinum pH 
IS thus found to be in tlie ueiglibourhood of 8-(). 


Graph 2. 



The behaviour of the enzyme towards small concentrations of HCN was ne:rf 
investigated. To 5 c.c. of 2 per cent casein solution 2 c.c. of O’lM solution of HCjN 
and 1 c.c. of enzyme solution were added and the volume made up to 10 c.c. The 
concentration of the HCN in the digest was 0-02M. The digest was incubated 
for 24 hours at the laboratory temperature, at the end of which period the released 
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non-protein nitrogen was estimated. The control experiments recorded m the 
followiu" tables were also carried out simultaneously : — 


Experiments. 

(1) Untreated 

(2) Treated with HCN 

(3) Heat-inactivated control 
Inactivation by HCN 


Increase in non-protein 
nitrogen (mg. per 100 
e.c. of the digest). 

11-5 

8-5 

0-4 

2() j)er cent 


A similar e.xperiment to tlie above using 0-ll\[ solution of KCN was carried 
out. The final concentration of IxCN in the digest was 0-02i\I. The quantities 
of substrate and the enzyme were exactly similar to those in the previous 


experiments. 

(1) Untreated .. .. 11'2 

(2) Treated with KCN . . . . lO’l 

(3) Heat-inactivated control . . . . 0-5 

Inactivation by KCN . . . . 10 per cent 


DlSGUSf?ION. . 

The demonstration of the optimum pH at 8‘0 for hydrolysis of casein by the 
venom and its behaviour towards KCN and HCN show that the protease in 
. cobra venom belongs to the group of tryptases, and that papainases and pepsinases 
are absent. The amount of the casein digested is proportional to the square root 
of the duration of digestion in accordance with the relationship inunciated by 
Arrhenius with regard to the tryptic digestion of gelatin and casein. 

Studies in the enzyme kinetics show that the concentration of the proteolytic 
enzyme in the venom is small and during the digestion, the trypsin inhibitor which 
appears to be present in the venom checks the further hydrolysis of the substrate. 
The presence of the zine salts reported in the literature, and further confirmed by 
us with the help of spot tests, might be associated with the trypsin inhibitor. This 
interesting finding of the presence of a try^psin inhibitor is significant in view of the 
reports of its efficacy in the treatment of cancer. The low concentration of the 
venom combined with the presence of the agent to inhibit the digestion after it 
attains a certain stage, might be the factors responsible for the selective digestion 
of the tumour cells without affecting the original tissue. The studies of the other 
factors responsible for the effects reported in literature are in progress. 


Summary. 

1. The rate of proteolysis of one per cent casein solution by cobra venom in 

the concentration of O'OS per cent has been studied by estimation of non-protein 
nitrogen released at definite intervals. The amount of casein digested is propor- 
tional to the square root of the duration of digestion. ■ ^ ^ 

2. In lower concentrations, the enzyme is gradually inactivated duriim 

digestion due possibly to the presence of a trypsin inhibitor, " 
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3. The optimum pH for the digestion of easein is found to be approxi- 
mately 8-0. 

4. The protease is inactivated by HCN and KCN. 

5. The proteolytic enzyme of cobra venom appears to belong to the group 
of trj'ptases. The significance of the presence of the protease in the venom and 
its therapeutic applications are discussed. 
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Attempts have been made to cultivate the rabies virus on the chorio-allantoic 
membrand of the developing egg, but the results have been contradictory. 
Waldhecker (1935) reports that the rabies virus cannot be successfully cultivated 
on the chorio-allantoic membrane. Schultz and Williams (1937) mention that the 
attempts to propagate the virus on the chorio-allantoic membrane yielded entirely 
negative results. On the other hand, McKendrick (1937, 1938), in a review of the 
recent articles on rabies, mentions that Peragallo has been successful in cultivating 
the virus. 

The present-day antirabic vaccine is a crude suspension of a 5 per cent fixed 
virus brain tissue in half per cent carbol-saline. If attempts at the cultivation of 
the rabies virus on the chorio-allantoic membrane prove succe.'ssful and if the virus 
so cultivated retains its immunizing properties, it would be possible to prepare a 
vaccine free from the brain tissue, which is regarded by some as the setiologicab fac- 
tor in the production of ascending paralysis after antirabic treatment. Purther, 
the cost of production would be' cheaper, and perhaps it would be possible to 
prepare a more concentrated vaccine. 

A series of experiments were, therefore, undertaken to verify if the virus 
could be successfully cultivated. 

Experimental proceduee. 

Ficus.— Inoculated animals showing signs of rabies were killed and their brain 
removed aseptically. The brain of each animal was weighed and ground up with 
a measured quantity of Tyrode solution. This suspension was centrifugafiz^ and 
the supernatant pipetted out, tested for sterility and used for inoculation into 
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eggs. Varying concentrations, 5 to 20 per cent, of both fixed virus and street virus 
were used. 

Eggs 12 to l‘i days old were candled to deteimine the viabilit)^ of the embryo 
and used in the experiment. AVith the aid of a. strong source of light for trans- 
illumination, the position of the air sac was marked out. To ensure sterility of 
operation, the inoculation of eggs was carried out inside a glass chamber, which was 
cleaned daily with an antisejDtic before operation. 

A square portion of the shell, about 1 cm. wide, over the air sac lying just above 
its lower limit was cut out by using a sharp file. The egg was kept in a holder 
inside the glass chamber and the area swabbed with 5 j^er cent carbolic acid and then 
with absolute alcohol. The square piece of shell was removed, and the outer shell 
membrane was cut out with a sterile cataract knife avoiding, trauma to the inner 
shell membrane. The chorio-allantoic membrane was next inoculated with the 
virus according to the technique described by Brandly (1935). To facilitate the 
introduction of the inoculum immediately beneath the inner shell membrane and 
above the chorio-allantoic membrane, the bevel of the needle was turned down and 
kept almost parallel to the inner' shell membrane. A slight elevation and wetting 
of the inner shell membrane showed that the inoculation had been satisfactory. 
O'l c.c. of the inoculum was used throughout. To facilitate observation the shell 
opening was closed after inoculation by means of a disc of colourless cellophane 
paper swabbed with alcohol and applied with sterile library paste. The eggs were 
then incubated for three days at 39°C. 

The inoculated eggs were candled twice daily. Darkening and immobility, 
paleness or disappearance of the blood vessels, and the development of a grey colour 
of the inner shell membrane, which is visible through the cellophane window, 
indicate that the embryo is dead. 

Serial jrassage . — On the 4th or 5th day. the inoculated egg was removed from 
the incubator and placed in a holder inside the glass chamber with the pointed end 
upwards. The upper portion was cleansed with 5 per cent carbolic acid solution 
and then with absolute alcohol and flamed. The to]) was then cut open and the 
contents of the eggs were poured into a sterile Petri dish. The chorio-allantoic mem- 
brane which is slightly adherent to the shell membrane was pealed off with a sterile 
forceps and spread out in a sterile Petri dish containing 50 per cent glycerine and 
examined for lesions. It was ground up with 5 c.c. of Tyrode solution and sterile 
glass powder in a mortar and pestle inside the glass chamber. The contents were 
centrifugalized and the supernatant fluid pipetted out, tested for sterility, and then 
used for inoculation into eggs and animals. 


Kesults. 

Lesions on the chorio-allanloic membrane . — Out of the 67 eggs inoculated with 
different concentrations of the fixed virus, the chorio-allantoic membranes of onl> 
three eggs showed lesions. The lesions were small opaque thickenings which were 
discrete and slightly raised above the surface. In no case were they confluent- 
They never occurred regularly. Serial passage among eggs did not make their 
appearance constant. 

Of the 34 eggs inoculated with a virulent strain of street virus, which is now 
under passage among fowls, none of the membranes showed any lesions. 




Plate X. 



Section of a typical lesion on the chorio-allantoio membrane showing 
proliferation of the cells of the ectodermal layer and infiltration of these 
cells into the mesoderm, x 900. 
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j\Ikroscapia appearances. — The microscopic appearances of tlie lesions were 
similar to those which have been described on the chorio-allantoic membrane of 
the egg after the introduction of other viruses. Membranes were fixed in Bonin’s 
fluid and sectious were stained with iron hrematoxylin and Mann’s stains. 
The sections showed proliferation of the cells of the ectodermal layer and infiltra- 
tion of these cells into the mesoderm (see Plate X). The entodermal layer did not 
show any marked changes. Sections stained with Mann’s stain were negative for 
Negri bodies. It is questionable whether the lesions produced can be attributed 
to the presence of rabies virus. Similar lesions were never seen after the intro- 
duction of sterile nonnal saline by the same technique nor did they appear 
in the majority of cases in which the virus was introduced, 

Infeclmtij for aniimh . — In only two out of the ten series of experiments did 
suspensions prepared from the egg membranes prove to be infective to animals 
after the first egg passage. In neither of these were suspensions of the egg 
membrane infective after subsequent passage. It is interesting that none of the 
membranes which showed lesions was infective. 

In four cases the brain of the embryo of the inoculated egg was removed 
aseptically, emulsified with 5 c.c. of Tyrocle solution, and inoculated into rabbits. 
The results rvere negative. 

Discussion. 

Only three out of the 101 eggs inoculated with rabies virus showed macroscopic 
lesions. The lesions were neither profuse, nor did they appear regularly during 
the subsequent passages. Egg to egg passage did not make their -appearance 
constant. 

The fact that none of the suspensions prepared from egg membranes which 
showed lesions indicate that the lesions were probably non-specific in character. 

It was not possible to demonstrate the presence of the virus after the 
first egg passage. In eight out of the ten series of experiments carried out 
suspensions of the egg membrane were not infective after the first egg passage. 


SUJBUBY. 

Attempts to cultivate the rabies virus on the chorio-allantoic membrane of 
the developing egg were unsuccessful. 
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Shee^-pox being a disease of economic importance, various attempts Have 
been made to produce a satisfactory method of prophylaxis against the disease. 
Sacco (1809) appears to have been the first to attempt a modification of the virus. 
He claimed that the virus, after passage through man or calf, induced only a local 
reaction in sheep and also conferred immunity against the disease. Gins (1920) 
attempted immunizing sheep by inoculation with undiluted calf-lymph and met 
\vith success. Other workers, however, have expressed different views, with regard 
to the efficacy of this procedure. 

Following the work of Woodruff and Goodpasture (1931) on the cultivation of 
bacteria-free fowl-pox virus on the chorio-allantoic membrane of the developing 
egg, many other viruses have been cultivated by the same technique. Attempts 
were made in this laboratory, on similar lines, to cultivate the virus of sheep-pox 
on the chorio-allantoic membrane and the properties of the cultured virus, both as 
regards its potentialities for prophylaxis and its virulence, as well as its antigenic 
relationship with vaccinia virus were investigated. 


Material and methods. 

The experiments were initiated by using material directly obtained from a case 
of sheep-pox. At first, the material was used diluted and unfiltered. This caused 
a high mortahty amongst the chick embryos and in a few, where lesions were 
obtained, bacterial contamination was very heavy. As a consequence of this the 
material was filtered. It was first ground finely in a mortar using powdered glass 
as an abrasive and about twice its weight of 50 per cent glycerine water was 
added as a diluent. The ground material was then filtered through a gradocol 
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CulllcatloiL of Sheep-Pox Virus. 


niembraue of average pore diameter 0-65 /j.. The filtrate thus obtained proved 
sterile and was inoculated in O'l c.c. amounts into 12 to 14 days-old eggs. 
The technique of inoculation was the same as that adopted in the cultivation 
of vaccinia virus in the developing egg (II ao, Pandit and Shortt, 1935). The 
serial passages were conducted in the same way. The lesions were cut out 
from the membrane, finely minced, and ground with four parts by weight of 
50 per cent glycerine water, using sterile glass sand as an abrasive. About 
O’l c.c. of this ground material was inocidated into each egg for serial passages. 
The inoculated eggs were opened on the third day in the usual way. If opened 
on the fourth day greater mortality among the embryos was noticed. 


MaoROSCOPIC and iMICRO.SCOPIC APPEARANCES OE THE LESIONS. 

The naked-eye appearances of the lesions produced in the egg-membrane by 
sheep-pox virus are quite characteristic. The whole triangular area exposed to the 
virus becomes a thickened yellowish-grey patch, sometimes caseating, particularly 
if the inoculated eggs are opened on the fourth day after inoculation. In 
addition, it is usual to find tiny, dot-like opacities scattered round about the 
lesion. There is no umbilication as found in lesions produced by vaccinia virus. < 
Qildema of varying degrees is usually present around the lesion. 

In the earlier passages, some of the lesions exhibited a hsemorrhagic tendency 
which, however, disappeared in the later passages. 

Microscopically, the essential feature of the lesion is a considerable hyper- 
trophy of the mesodermal layer, associated with an enormous proliferation of the 
ectoderm w'hich, in some places, is caseated and sloughed off, giving a very wavy 
and indistinct outline on the ectodermal side. The entroderm shows only very 
slight hyperplasia and that only in places. 

There is marked cellular invasion of both ectoderm and mesoderm chiefly by 
large numbers of eosinophil leucocytes, particularly in the mesoderm. Many ot tue 
ectodermal cells show oval cytoplasmic inclusion bodies which are particularly 
abundant on the fringe of the ectoderm. 


Properties oe the cultured virus. 

The properties of the cultured virus were investigated with regard to its 
infectivity to animals other than sheep, its virulence to sheep and its value m 
prophylaxis against sheep-pox. 


Experiment on‘ rabbits. 

Two rabbits were sha\ed on the back and flanks. One was inoculated uitj) 
the first three serial passage strains of sheep-pox virus separately on the right ha , 
while the left half was inoculated with vaccine lymph and also with iiatural sheep 
pox virus for comparison. The other rabbit was inoculated only with the 
passage strain of sheep-pox virus 
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Tlie results of rabbit inoculations are sunuuarixed in Table I ; ~ 


Table I. 


Effecl.'i of mbbil imculatioiis with sheep-pox. 


llabbit. 


Left half 


f. llight half 


o 


»» »» 


ViniJi, Results. 


. Yacciniiv virus . . The usual reaction. Typical take in H hours 

j and scabbing on the fourth day. 

I Sheep-pox virus (natural) j No take. Only a slight redness on the inoculated 

1 area, udiich disappeared on the third day. 

: Cultured sheep-pox virus | fairly good discrete lesions on the fourth day, and 
(first passage strain). | scabbing on the fifth day. 

Cultured sheep-po\ virus j Delayed reaction. Typical conttuent lesions on 
(second passage strain). \ the fourth day with extensive redness. Scabbing 
j commenced on the fifth day and was complete 
I only on the seventh day. 

Cultured sheep-pox virus 1 Same reaction as with the second passage strain, 
(third passage strain), j 

Cultured sheep-pox virus j Same reaction as with the second passage strain, 
(third passage strain). i 


• It will be seen that, while natural sheep-pox virus failed to take in the rabbit, 
the virus as modified by passage through eggs took. While the behaviour of the 
first passage virus is rather weak, the second and third passage viruses exhibited 
intense but delayed reaction. 


Experiment on calves. ' 

Two calves were inoculated in the usual way each with natural sheep-pox 
virus and -the first and third passages of the cultured virus in different dilutions. 
The results are shown in Table II : — 


Table II. 

Effects of sheep-pox virus on the calf. 


Virus. 

1 

Dilution. 

Calf No. 1. 

Calf No. 2. 

Natural sheep-pox f 

Undiluted 

1-10 

Negative 1 

1 

Negative. 

I 

virus. 1 


1 

i 

1-20 

] 

1 

1 

1 ** 
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Table II — conclcl. 


Virus. 

Dilution. 

Calf No. 1. 

Calf No. 2. 

Cultured virus 

(lirst passage). 

Undiluted 

1-10 

1-20 

i 

Negative 

! .. 

' » 

Negative. 

1 ” 

1 

99 

( 

Undiluted i 

Contiuent 

Confluent. 

Cultured virus 

• 


99 

99 

(third passage). 

1-20 * 

1 I 

99 

99 


The table shows that the calf is more refractory to sheep-pox than the rabbit. 
The first passage cultured virus failed on the calf while it gave a fair, good 
take on the rabbit. The third passage virus, however, behaved exactly like 
vaccinia virus on the calf. 


Experiment on sheep. 

A sheep was shaved on its right flank and inoculated with the ninth passage 
cultured sheep-pox virus. As it was believed that the natural virus gradually lost 
its generalizing'’ properties with continued passage, earlier passage material was not 
used, as a measure of safety. Typical pustules developed on the inoculated area 
on the fourth day and scabbed olf on the sixth day. There was no evidence o 
any generalization, the mucous membranes of the mouth and nose as well as the 
conjunctivee being perfectly normal. This would seem to show that serial passage 
in eggs modifies the character of sheep-pox virus, in that it loses its generabzing 
properties and becomes purely dermal in nature. This is a fact of considerable 
importance when its use for prophylaxis is considered. 


Immunity experiments. 

With a view to ascertain whether there is cross immunity between vaccinia 
virus and cultured sheep-pox virus, the following experiments were carrie 
out : — 

The rabbit which was inoculated in the usual way with the third passage 
cultured sheep-pox virus alone (Table 1), was vaccinated with vaccinia virus 
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in different dilutions, after a lapse of 2-i days. The result is given in 
Table HI 

T.iVBl.E HI. 


Effects of vaccinia virus on rabbit inoculated with cultured 
sJieep'pox virus. 


Dilutions of vaccinia. 

Result on the rabbit. 

Undiluted 

Good take. 

1-100 

' Fair take — discrete vesicles. 

1-250 

j »» ** 

1-500 

1 Slight take — a few vesicles. 

1-1,000 

Very slight take — 2 „ 

Cultured sheep-pox virus 

Failure. 

(sixth passage). 

! 


The results recorded show that while cultured sheep-pos virus confers no 
appreciable immunity against vaccinia virus in low dilutions, there is definite 
inhibition of the reaction in higher dilutions. The sample of vaccinia virus tested 
had a titre of over 1 in 10,000 on the normal rabbit. The control inoculation with 
cultured sheep-pox virus was a total failure which is of course to be expected. 

A rabbit which has been vaccinated with vaccinia virus 20 days previously 
was inoculated with the sixth passage cultured sheep-pox virus. The virus was 
used undiluted and in dilutions of 1 in 10, 1 in 100, 1 in 200, and 1 in 400. The 
result was an absolute failure even with the undiluted virus, indicating that 
vaccinia virus confers immunity in the rabbit against sheep-pox virus (cultured). 
Natural sheep-pox virus was not used in the test for the obvious reason that it 
fails to take on the rabbit. 

Experijients with immune sera. 

To investigate the antigenic relationship between vaccinia virus and cultured 
sheep-pox virus, experiments were conducted with mixtures of immune sera and 
viruses. For this purpose, the anti-vaccinial serum was obtained by hyper-immun- 
izing a calf and the anti-sheep-pox serum was obtained from a convalescent animal. 

Mixtures of viruses and anti-sera were put up as follows : — 

( 1 ) 1 c.c. of vaccinia virus 1 c.c. of anti-sheep-pox serum. 

( 2 ) 1 c.c. of cultured sheep-pox virus -}- anti-sheep-pox serum. 

(3) 1 c.c. of natural sheep-pox virus anti-sheep -pox serum, 

(4) 1 c.c, of vaccinia virus -[- 1 c.c. anti-vaccinial serum. 

(5) 1 c.c. of cultured sheep-pox virus 4 - anti-vaccinial serum. 

( 6 ) 1 c.c, of natural sheep-pox virus -f- anti-vaccinial serum. 



502 


Cultivation of Sheep-Pox Virns. 


The tubes containing the mixtures were allowed to stand at room temperature 
for 30 minutes. Two rabbits were shaved on their backs and the shaved area 
divided into squares with a grease pencil. A sample of each mixture was then 
inoculated on a square and the rabbits were observed for one week. The 
results are recorded in Table IV : — 


Tatjlk IV. 

Semm-vini.s mixtiiro. I Kesiilt. 

I _ 

Vaccinia virus + <uiti-sIicc[)-po.x .serum . . . . i Fairly good take. 

I 

Cultured sbcep-po.x virus + aiiti-sliccp-po.x serum . . About a dozen scattered 

I vesicles. 

Normal sheep-pox virus -|- anti-shccp-po.x serum . . ^ Failure. 

Vaccinia virus -p anti-vaccinial .scrum . . . . 

1 

Cultured sheep-pox virus -p anti-vaccinial serum . . ( „ 

I 

Normal sheep-pox virus 4- anti-vaccinial serum . . ' „ 


A control rabbit inoculated with vaccinia virus, cultured sheep-pox virus and 
natural sheep-pox virus gave confluent takes with vaccinia and cultured sheep-pox 
virus and failure with natural sheep-pox virus. The mixtures with the natural 
virus were put in as a matter of routine and the results relating to it are of no 
significance as by itself it fails to take on rabbit. The anti-vaccinial serum has 
completely inhibited cultured sheep-pox virus in addition to vaccinia virus, and 
the anti-sheep-pox serum, while partially neutralizing the cultured sheep-pox 
virus, has, in the case of vaccinia virus, appreciably weakened the take. It is 
to be noted here that the results of experiments with immune sera reveal a 
parallelism to those obtained on immunized rabbits. The experiments are, 
therefore, reciprocally confirmatory. 


Infection of sheep immunized ivith cultured virus with the 


NATURAL VIRUS. 


The sheep which had been vaccinated with the cultured virus on its righ 
flank, the procedure resulting in only a local reaction, was, after a lapse of one 
month, inoculated on its left flank with the natural virus. The result was 
only 2 vesicles on the inoculated area. There was no generalization of the 
virus, as evidenced by healthy mucous membranes of the mouth, nose, an(^ 
conjunctiviB. A normal sheep inoculated at the same time with the same 
natural virus showed a rather mild generalized infection with fairly intense 
local reaction, a few vesicles on the mucous membranes of the nose am 
mouth but no general eruption over the whole body and no constitutiona 
symptoms. This was probably due to ageing of the natural virus but le 
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net result helps to bring out tlie potentialities of the cultured virus for 
prophylaxis. 


DiscussroN. 


Sheep-pox is a disease regarding which there is much conflict of opinion as to 
its pathogenicity to animals besides sheep and its immunological relationship 
to other pox viruses, particularly vaccinia. 

It is not improbable that this divergence of opinion may be due to differences 
in virulence of the materials used by different workers. 

The present stud}^ confirms the observation that natural sheep-pox material 
fails to infect on direct transference to both the calf and rabbit. However, even the 
first passage cultured virus took fairly well on the rabbit. The subsequent passages 
showed a distinct change with an enhanced virulence and delayed reaction. The 
cultured virus was also successfully transmitted to the calf, though at a later passage 
(third). This alteration of the virus was also cliaraeterized by a striking decrease 
of virulence for the sheep, the reaction being a mild and purely local one without 
any sign of generalization. This result may be compared with that obtained by 
Sacco (loc. cit.), who observed that sheep-pox, as a result of passage through man or 
calf, lost its virulence for sheep and only caused a local reaction at the site of 
inoculation. 


It is a moot point as to %vhether sheep-pox virus is converted into vaccinia by 
such extra-ovine passages. There is a section of opinion that it is so converted and 
Blaxall (1930) believes that the balance of evidence establishes the contention 
that ‘ sheep-pox can be transformed into vaccinia by passage through the goat, 
calf, or rabbit ’. 

On the other hand. Findlay (1936) observes that it is a well-known fact that 
rabbits and calves become spontaneously infected with vaccinia in lymph establish- 
ments. that, where claims of conversions of sheep-pox into vaccinia have been made, 
precautions again.st accidental contaminations have been inadequate, and that, 
Irefore such claims can be accepted, more extensive and carefullv-controlled 
experimental evidence is needed. 

The present work, based on the passage of sheep-pox virus through e^os, 
offers no evidence of the conversion of the virus into vaccinia. This statement 
is, however, subject to the qualification that the total number of passages 
conducted was small. The question as to whether, as a result of further passages, 
the virus would finally change into vaccinia is left unsettled. That the virus is 
altered in character as a result of such passages is clear from the experiments 
on rabbits, calves, and sheep. The experiments in immunized rabbits and with 
immune sera clearly indicate that vaccinia virus and cultured sheep-pox virus 
do possess partial common antigenicity. '' 

As regards the question of prophylaxis against sheep-pox, opinion is aaain 
sharply divided on the utility of vaccinia virus, as an immunizing a^ent Bridre 
(19p) attributes positive results to the fact that the e.xperiments were conducted 
in lymph establishments. 


In the present investigation, the potentialities of the cultured 
lactic agent are indicated, but as the observations have been 


virus as a propliv- 
based on a single 
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experiment owing to the loss of the cultured virus, they must be accepted with 
some reserve. 


SuJIMARY. 

1. The cultivation of slieep-pox virus oh the chorio-allantoic membrane of 
the developing egg has been described and the naked-eye appearances and histo- 
logical features of the lesions are defined. 

2. The cultured virus is definitely modified in character by passage. 

3. Immunity experiments indicate common antigenicity to a limited e.xtent 
between the cultured virus and vaccinia virus. 

4. Cultured virus, while inducing a purely local reaction in sheep, appreciably 
protects against subsequent infection with the natural virus. The possibihty of 
its use for prophylaxis is suggested. 
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Introbtjction. 

It is established that in most parts of the world plague is transmitted by 
Xenojwjlla cheopU, and that there is a considerable degree of correlation between 
outbreaks of the disease and the abundance and the local distribution of the insect. 
But our knowledge of the flea’s biology, particularly of the causes of its multiplica- 
tion or decrease, is still incomplete, and what we know is based mainly on the flea 
count, which is an established and valuable method, though we can hardly think 
that it gives a good measure of a natural population of fleas. Apart from flea 
counts one must remember that there is a large amount of relevant fact accumulated 
by laboratory workers, most of it within recent years. They have, for instance, 
provided a considerable amount of knowledge about the length of life of fleas under 
different conditions of temperature and humidity and about the thermal death 
point of different stages of the insect. Most of this work has been carried out 
under physiological rather than natural conditions and only for short periods of 
time. These laboratory studies are excellent as a foundation, for they define some 
of the insect’s limits in climate and they give information about the site of loss of 
water. After setting out his own experimental results the author hopes to discuss 
the subject at greater length. 

It should now be possible to devise more elaborate laboratory experiments 
to give quantitative information about the climatic factors which influence the 
multiplication of these insects. For this we need a synthetic mouse-hole in which 
to maintain a rodent and fleas for a relatively long period under defined environ- 
mental conditions. It is clearly desirable that the conditions should be nearly 
natural, though at the same time they must be capable of being measured and 
controlled. One must, moreover, be able, to enumerate both the original parent 
fleas and their offspring. No such work has been attempted so far as is known, 
partly perhaps because the necessary technical methods are not widely known! 
The author has not been completely successful in carrying out this rather ambitious 
^ ( 505 ) 12 
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apparatus which has been gradually evolved some success 
that wft-^ achieved. The account of the technique is detailed, because it seems 
i\rnrpni 7 Pr apparatus a great amount of quite new work might be carried out. 

otUerToats and oS pSemf””' ““ 

Method. 

Geneial sc/ieme.— The purpose of the experiment is to discover the climatic 
^ ^ which fleas live and multiply most easily. It is proposed that 

a small population of fleas should be kept, for at least a week, in air 
or winch the temperature and humidity are controlled. The mouse produces 
so much water and carbon dioxide, particularly at temperatures below 30°C., that 
1 IS impossible to regulate the humidity in still air in a closed chamber. For this 
reason le apparatus used by Stoughton (1930), Carrier cabinets, and other enclosed 
con aineis are not suitable. For the work in view we must work in a steady stream 
o air, which is brought to the requmed temperature and humidity before it enters 
le c lamber in which the mouse and fleas are kept. One may, therefore, say that 
e apparatus consists of two principal parts : that for regulating the volume, 
tenaperature, and humidity of the air, and that in which the rodent and fleas live 
and in which the experiment itself is actually performed. The general plan of the 
apparatus will be evident from Text-fig. 1. If it is to work well for long periods 
caretul attention to details is necessai'y. 

T/ie air sujgily. The compressed air supply is available day and night, but 
fluctuates in pressure between 15 lb. and 30 lb. above that of the atmosphere ; the 
fluctuation is somewhat irregular. It is clear that for these experiments a very 
steady flow of aii' is required, for if the pressure and therefore the flow of air fall’s, 
water produced, by the mouse will accumulate in the experimental chamber and 
laise the humidity in it. "With the help of Mr. T. C. Angus a valve has been devised 
which allows some air to leak away and passes a very steady flow (Text-fig. 2). 
W hen this valve is connected to the compressed air supply the inner part of it floats 
on the mercury, allowing some air to escape up tube A ; the rest of the air passes 
on to the meter and apparatus. Tube A must be rather wide (6 mm. to 7 mm.), 
otherwise small pellets of mercury will occasionally be blown through it; the 
bottom of A IS cut off^ obliquely, which causes it to float on the mercury without 
bumping. This valve is delicate, and it is possible, by altering the amount of lead 
shot, to adjust it so that the rate of flow through a particular apparatus is fixed 
within about 0‘5 litre per hour. Needless to say, any alteration in the humidifying 
part of the apparatus will alter the resistance to the flow of air through the whole ; 
the volume of air passing must then be brought back to the required figure by 
adjusting the iveight on the valve. This valve has proved extremelv satisfactory 
in practice and runs for many weeks continuously without attention. From it 
the air passes to the meter (C, Text-fig. 1) which continually records the flow. The 
meter, ^^de by Messrs. Siebe Gorman, is of the type used by mammalian physiol- 
ogiste. The air, of which the flow is controlled and measured, then enters a large 
incubator s^ at the temperature required for the experiment. In Text-fig. 1 the 
heavy line DD indicates the wall of the incubator ; all parts of the apparatus 
below that line are to be understood to be inside the incubator, 





lEST-Fia. 1. 


General lay-out of apparatas, not to scale. A. B, and 0 are on the laboratory bench, DD is the 
rest of the apparatus is inside it. A, valve, regulating How of air 
meter C and reft of apparatus. E, WoulH’s bottle (one of several in series), to brine air stream 
required humidity. F. experimental chamber (see Text-fig. 3). 6, Venturi meter 




I 

I 

I 

I 



Text-fiq. 2. 

Valve which allows a very steady stream of air to 
pass on to meter and apparatus. Air enters and leaves 
as shown by arrows. Any excess above the determined 
quantity escapes by tube A. Diameter of valve about 
7 cm. to 8 cm. 
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In the incubator the stream of air is brought to the required humidity by 
contact with mixtures of potassium hydroxide (or sulphuric acid) and water. 
There is no doubt that this would be most quickly done if the air were passed in 
a finely divided stream through jets or sintered glass. The objection to doing this 
is that it would require a pressure of many centimetres of mercury, which would 
tend to produce leaks. It has, therefore, seemed better to circulate the air oyer 
a large surface of pumice contained in a series of wash-bottles, the pumice being 
wet with potassium hydroxide (or .sulphuric acid), but not immersed in liquid. One 
such wash-bottle is shown in Text-fig. 1, E. but it is to be understood that four arc 
<’enerally used in series. They offer very little resistance to the flow of air, and 
when the whole apparatus is assembled the pressure at the point B in Text-fig. 1 
is only about 2 mm. above that of the atmosphere. By this method the relative 
humidity of the air entering the c.xperimental chamber can easily be brought to 
within about 2 per cent of the required figure and maintained there for as long as 
may be desired. It is also found that the air has reached the temperature of the 
incubator by the time it has been brought to the required humidity. The incubator 
contains so much apparatus that it is desirable to stir the air in it, by a small fan, 
wired in series with the heating elements. The temperature in the incubator is 
recorded b)' thermograph. The particular incubator which was used had glass 
doors. Direct sunlight never entered the incubator, but there was a dim light in 
it during hours of daylight. It would be well in future to work in darkness, thus 
eliminating one possible variable. 

It will be seen that the apparatus described will supply and measure a certain 
volume of air per horn, having brought it to the required temperature and 
humidity. This air is then passed into the experimental chamber, which is also in 
the incubator. 

The chamber . — The chamber (Text-fig. 1, F. and Text-fig. 3), in which the 
rodent and fleas are to live together for a period of days or weeks, consists of a glass 
battery jar, 7’5 inches X 5’5 inches deep (say 18 cm. X| 12'5 cm. X 13 cm.). The 
edges of the glass are ground to make a satisfactory joint with the top, which is of 
copper sufficiently thick (about 3 mm.) to ensure that it does not bend. When the 
apparatus is being assembled modelling wax is spread evenly along the top of the 
glass, the metal top is heated and pressed evenly upon the wax. Metal piping, 
passing through the copper lid, provides inlets and outlets for air at opposite 
corners ; there is also a hole in the lid to carry a large rubber bung through which 
the mouse is supplied with food and water. Holes are also made on the top for 
carrying a thermometer, passed through a rubber bung, and for inserting weighing 
hygrometers (Buxton and Mellanby, 1934). Text-fig. 3, B, is a cylinder of 
perforated metal which protects the weighing hygrometer from the mouse. A 
hook on the underside of the lid (not shown in the figure) may carry a watch 
hygrometer, but this was not used in the later experiments, in which the humidit}’’ 
was measured by an absorption method (see below). 

The recording meter (Text-fig. 1, C) shows that the correct volume of air has 
been passed rnto the apparatus, but there are many points at which leaks mi<iht 
occur, and rf the flow of air through the chamber itself is less than it should be. 
water denved from the mouse will accumirlate and raise the humidity. One there- 
fore needs to be assured that the correct volume of air has not only entered the 
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upparatus, but passeil Ihrouj'h it. This is .shown by a Venturi meter (Text-fig. 1, 
G) attaclicd to the outlet from tlie cJiamber, Tlic internal nozzle a sealed inside 
the horizontal limb raises tlie pressure in the riglit limb of the manometer, and 
depresses the oil to a level which is determined by the rate of flow of the air. By 
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glancing at the Venturi meter, which is visible through the glass door of the incuba- 
tor, ouifmay assure oneself at any moment that the apparatus is working correctly. 

Test of apparatus . — It will be remembered that the apparatus delivers a known 
volume of air of controlled temperature and humidity to the chamber in which the 
rodent lives with its supply of food and water and a population of fleas. After 
the air has entered this chamber containing the mouse, etc., its humidity may be 
disturbed in several ways. There must be some evaporation froin the surface of 
the mouse’s water-supply, but this may be disregarded in comparison with other 
sources of error {see below). There may also be a small error owing to the fact 
that the mouse’s daily ration of food is not in humidity equilibrium with the air. 
But by far the greatest disturbance of humidity must be that due to water coming 
from the lungs and kidneys of the mouse. A few approximate measurements 
carried out in a stream of dry air show that under those circumstances a mouse 
may give out at least 200 mg. of water per hour in dry air at 20°C. This is likely 
to be close to the mouse’s largest output, for at higher humidities evaporation from 
the lungs will be less, and at higher temperatures the mouse’s metabolic rate and, 
therefore, its output of water will be lower. The great effect of temperature on 
the mouse’s output of water is apparent from Table III. At 24°C. the mouse will 
raise 30 litres of air per hour from 60 to 70 per cent to 80 to 90 per cent but at 32°C. 
the rise is about 2 per cent. These figures correspond to an output of 130 mg. of 
water, under the above conditions, at 24°C., and about 20 mg. at 32°C. It is clear 
that the humidity of the air leaving the chamber must always be higher than that 
at the point of entry, though the increase of water will be regular provided the air 
continues to flow at the same rate. 

It wovdd be insufficient to measure the humidity in the outgoing air alone, 
if there were pockets of damper air in particular parts of the apparatus. This 
point was investigated, making use of a special chamber with four additional holes 
drilled in the roof ; these were closed with rubber bungs carrying weighing 
hygrometers suspended inside the cage, protected from the mouse by perforated 
metal (as”Text-fig. 3, B). The weighing hygrometer which was used was a filter- 
paper loosely folded and previously calibrated over a range of humidity. When 
it was subsequently exposed to conditions in the chamber and weighed, the humidity 
at particular points in the chamber could be deduced from its weight. Passing 
30 litres of air per hour through the apparatus, which contained the mouse together 
with its bedding, etc., it was found that four places near the top of-the cage gave 
humidities generally within 2 per cent, always within 4 per cent of one another. 
Close above the bedding the humidity was rather more irregular, perhaps owint^ 
to the presence of the mouse, but even here the extreme range of-humidity was 
8 per cent or less. There was also a tendency for the humidity to be greater at 
the bottom than at the top,^ generally by 4 per cent or 5 per cent. These figures 
were obtained at 28°C. ; owing to the effect of temperature on the mouse’s output 
of water one woidd expect that the uniformity of humidity in different parts of 
the apparatus would be greater at high, less at lower temperatures. In view of 
the fact that the fleas themselves, and their progeny, live in the bedding, it would 
clearly be interesting to obtain facts about the humidity of the air spaces in it. I 
attempted to get this information by determining the water content of bedding 
in different parts of the cage. But the material is so heterogeneous, consisting 
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of original bedding, frcsli dung, fragments of food, etc., that the proportion of 
water in it varies erratically. It seems probable that the humidity in the bedding 
is very near to that of the air circulating over it, for the material is loose and only 
about 2 cm. deep. 

It seems then that with an air flow of 30 litres per hour turbulence is sufficient 
to give a nearly equal humidity in all parts of the apparatus. It may also be stated 
that local differences in humidity within the chamber are always less than the 
difference in humidity between the incoming and outgoing air. It must be 
remembered that the weighing hygrometer, though very sensitive, does not react 
very quickly ; those used came to equilibrium in still air in three hours but not 
in one. They would not, therefore, be capable of detecting momentary differences 
in humidity such as might be caused by the breath or urine of the mouse, but such 
momentary differences in particular parts of the chamber have no significance m 
an experiment which runs for several weeks. 

It has, therefore, been established that, provided the air flow is steady, the 
control of humidity is good, and that there are no major differences in humidity 
in different parts of the chamber. That being known, we confined ourselves to 
measuring humidity once a day, first in the outgoing and then in the incoming 
air; humidity was measured by passing 5 litres of air through Landsiedle bulbs 
containing concentrated sulphuric acid and weighing the water which was absorbed. 
At the same time one read the recording air meter, observed the theimograph m 
the incubator, and supplied the mouse with its food and water by removing the 
large rubber bung. ^ The Venturi meter, which was visible through the glass door 
of the incubator, was observed from time to time as a check on the air flow. 

It is probable that the rodent’s production of carbon dioxide is also a factor 
to remember in designing such experiments as these. One may calculate approx- 
imately the output of CO2 making use of the generally accepted figure that a mouse s 
production of heat is 212 calories per kilo per 24 hours. This figure is equivaleii 
to 44 c.c. CO3 per hour, for a mouse of 25 g. With an air flow of 30 litres per hour 
the concentration of CO:» would be 0’15 per cent which probably has no significaii 
effect on the fleas. But if one were using several mice, or a lesser airflow, tic 
increase in CO2 would become important. 

The apparatus as here described gives extremely satisfactory results, except 
that when the air is close to saturation the bedding becomes wet, foul and mould} ■ 
and no fleas of the F generation emerge. Moulds are occasionally troublesome 
even when the outgoing humidity is as low as 80 per cent. 

The rodent. 

When the apparatus was ready for use a layer of bedding half an inch d^®P 
was put into the chamber. For bedding we took material from a jar in w 
mice and fleas had previously lived, and added a pinch of dried blood to it. 
may, therefore, assume that the bedding contained substances necessary 101 . 

development of flea larvm (Sharif, 1937a). The food for the mouse cousis 
whole oats 50 per cent, oatmeal 46 per cent, wheat bran 21 per cent, ■, 
(dry weight) 1 per cent, cod-liver oil 0'5 per cent ; the food was ample in 
This diet is similar to Watson’s diet Na (Watson, 1937) on which it is 
that mice live well, but a large proportion of oats has been added because 
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Imsks of partly eaten grains appear to be favourable to the early stages of the 
flea. The mouse was given water to drink, whicli it obtained by sucking from 
the bottom of the tube shown in Text-fig. 3, A ; the surface of water^ exposed 
inside the chamber is only about 3 mm. in diameter, so that evaporation from 
it is not likely to have any measurable effect on tlie humidity inside the chamber. 
The food and bedding were autoclaved in order as far as possible to avoid trouble 
from moulds and mites. 

Mice of different weights add very different quantities of water to the environ- 
ment : in order to obtain reproducible conditions, it was necessary to use a 
single mouse weighing about 20 grammes. No evidence was found that the 
health of the mouse was affected by the different conditions of temperature or of 
humidity to which it was subjected. A possibility exists that, inasmuch as nrercirry 
had to be used in the valve, traces of mercury vapour sufficient to cause poisoning 
may have been carried into the chamber. There is no evidence that the mice or 
fleas were affected by mercury vapour, but this source of trouble is so subtle 
that the possibility of its existence shoidd be recorded. It seems probable that 
one could avoid using mercury by making a similar valve in which the 
moving part was celluloid floated on water (or on medicinal paraffin). 

The fleas. 

All the experiments here described have been carried out with the tropical rat 
flea, XenopsijUa cheopis, our stock of which was brought from Ceylon to London 
by Dr. L. F. Hirst in 1930. Since that date we have continued to breed the insect 
easily and in great numbers by the method described by Leeson (1932a). The 
method is ingenious, making use of semi-automatic devices and giving relatively 
little trouble to the staff. It ensures a large supply of fleas and makes it easy to 
obtain insects of a particular age, either fed or not. 


The cxperimcnl. 

After the mouse has been put in the apparatus everything is allowed to run for 
two or three days, in order that the bedding may come into equilibrium with the air 
stream. When the humidity of the outgoing air has become steady wm take unfed 
fleas less than one day old, selecting an equal number of males and females, gene- 
rally 15 to 60 of each sex. The day on which this is done is referred to as day.O. 
These fleas, called P (parental) fleas, are inserted into the chamber and left undis- 
turbed with the mouse for the duration of the experiment, generally 7 days, but occa- 
sionally as long as 18 days. At the end of that time the chamber is removed from 
the incubator, and the fleas in the bedding counted ; the mouse is lightly anesthe- 
tized and the fleas on it removed and counted, the sex of the fleas on the mouse and 
in the bedding being recorded. Owing to the short duration of the experiment one 
is quite confident that all fleas recovered belong to the P generation. 

In the experiments here described the material from the cage, consisting of the 
mouse’s droppings, unconsumed food and original bedding, is again incubated at the 
temperature of the experiment and at the humidity which had prevailed inside the 
chamber ; lor instance, if the incoming air had had a relative humidity of 60 per 
cent and the outgoing of 70 per cent the bedding was incubated at 65 per cent. 
Every day It was tipped into a large battery jar, searched for fleas and the number 
emerging (of the F or filial generation) recorded. 
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Worh of the future. 

It is desirable that work of this nature sliould be carried out with rats 
because they are the principal natural hosts of X. cheopis. Before this can be 
put in hand approximate figures will be recpiired on the amount of water and CO 2 
given off by the rat, and it will be necessary to use a larger experimental 
chamber. 

It would also be interesting to extend the period of the experiments to cover 
the whole life of the P fleas. Once a week the P fleas might be counted and the 
bedding removed and incubated for progeny (F fleas). 

If the experiments arc to help to explain the biology of the flea in nature it is 
particularly important that work should be done at very high humidities, for there 
is some evidence (Buxton, 1932, 1936) that even in dry places and seasons the atmos- 
phere in a rat-hole, or in spaces in the soil, is nearly saturated with moisture. Work 
at high humidities (over 90 per cent) is at present impossible in my apparatus, for 
the bedding becomes moist and mouldy, and no F fleas are produced. One may 
suppose that in nature this would not occur, for much of the liquid water would 
pass away by capillarity from the rat’s nest into the soil. It might be possible to 
imitate natural conditions, covering the bottom of the experimental chamber with 
plaster of paris which had set and become thoroughly dry. 

Table I shows inconsistencies in the proportion of adult fleas surviving eveii 
for short periods such as seven days : this may be overcome in future by the use of 
baby rodents (see Postscript). 


Experimental results. 


Two selected experiments. 

The results obtained with this somewhat elaborate apparatus may best be 
understood by selecting two experiments (W and 0), and seeing what naay be 
learnt from them. In each of these the recording meter showed that the air flow 
had been maintained very close to 30 litres an hour, and records of the water 
content of the air entering and leaving the chamber showed that the regulation 
of humidity had been good : in general the two experiments may be regarded 
successful. The temperature was 28°C. in each. The experiments differed 


as 


from one another in the following particulars 



Experiment N. 

Experiment 0. 

Humidity, ingoing . . . . 1 

56 to 62 23er cent 

67 to 69 per cent. 

„ outgoing 

64 to 72 

89 to 93 „ 

Period 

9 days 

7 days. . 

Number of clieopis (P) at start 

30 (15J‘, 15?) 

40 (200-, 20?). 

)> >1 3-^ finisli • . 

23 {12<f, 11?) 

34 (IScT, 16?). 

P fleas produced 

106 

209 
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It appears that the increase in relative humidity of the air in passing througli 
the chamber was about 10 per cent in experiment N and over 20 per cent in 0 ; this 
may perhaps be put down to differences in activity of the two mice. We cannot 
at present say whether the difference is important or not. 

Taking the figures for P fleas {males and females together) one sees that in iV 
the population fell from 30 to 23, in 0 from 40 to 34, the period of the experiments 
beiu" 9 and 7 days. In order to obtain comparable figures one may calculate what 
number of fleas wii.s* alive in experiment iV on the seventh day, assuming that the 
decrease was regular and on a geometrical progression. The necessary calculation 
is as follows ; x and y arc the number of fleas in an experiment at the beginning 
and end of the period respectively : r is the constant factor in the geometrical 
progression and gives the rate of loss (or gain) of population ; n is the number of 
days. Then, on our assumption that the decrease is regular and geometric. 


ij = xr”' 

i,e., log IJ = log X -f n log r 

... ]og r 

O ji 

, J-362— 1-477 —0-115 

.-. log r (in experunent iV) — — — jp- — = — = — 0-oi3 


We want to know the population ( ijy ) on day 7. Going back to the 
original formula in its log form we may say that 
log i/y. = log a; -k (7 X — 0-013) 

= 1-477 -0-091 
= 1-386 


— 24-3, which is the number of fleas alive on day 7, according to our 
assumption. 

The number of fleas (observed or calculated) alive on day 7 is 24-3 in experiment 
N, 34 in experiment 0. These figures are 81 per cent and 85 per cent of the original 
populations, so that in this respect the agreement between the two experiinents 
appears to be satisfactory. 


Taking sexes of fleas separately, the actual number of survivors on the last day 
of the experiment was ; — ■' 

Experiments 12 d 11 9 total 23 

» 0 18 (? 16 9 „ 34 

, figures indicate that there is little difference in survival between males 
ana females In experunent 0 the fleas were distributed as follows between the 
mouse and the beddmg at the end of the experiment ; 

d <? , on mouse 1, in bedding 17 

^ > => i> 0 j) „ 16 


m sumlar figmes are available from experiment N, in which the mouse died a 
few hours before the conclusion of the experiment. 
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Let us uow consider the oh'spring (!<' or filial fleas) produced in the two experi- 
ments. The gross figures are 100 in experiment /V, 209 in experiment 0 ; but there 
are differences in the original number of females, in their percentage survival, and 
in the duration of the experiments, so that the crude figures cannot be used iiicom- 
2 )aring the number of offspring in the two exj)criments. One may, however, get 
comparable figures by calculating the number of females surviving each day, using 
the formula given al)ovc. The following results are obtained ; — 


’-M’f ■ Dny :-() 

lucnt. 

1 

i 

2 9 

* ! 
1 

( 

r, 6 

7 

f 

1 • 1 

S 0 

t 

1 Total ? cld} 1 

1 excluding 

I (lavs 0 and 1. 

1 ' 

y . . 16 

lt-3 

1 1-0 

.2-0 ' 

1 

12-6 

12-2 

1 ii-» 

i 

^ 11-4 1 11-0 

^ 99-5 

0 .. 20 

J9-4 

IS-S IS-2 

17-G * 

17-0 

IG-.-) 

IG-O ‘ 

1 

1 1 

1 

104-1 


One may then add the number of female days in each experiment, excluding 
days 0 and 1, on which we have reason to think that the female does not lay eggs. 
This puts us in a position to compare the productivity of the two experiments, which 
is as follows : — 


E-xperiment. $ days. 


Offspring (E). E per ? day. 


iV 

O 


99-5 

104-1 


106 

200 


1-06 

2-00 


The experiments also give approximate information about the length of tune 
which elapses from the laying of the egg to the emergence of the adiilt flea : tne 
figures are calculated in days from the start of the experiment. In interpreting 
the figures it should not be forgotten that the parent fleas are thought to have 
laid no eggs on days 0 and 1 . In bedding derived from experiment 0 
flea of the F generation emerged on day 23, the last on day 44. Within tlmse 
extremes emergence was very evenly spread over a long period (particularly wn 
we remember that experiment 0 lasted only 7 days, and that egg laying 
only on the last 5 of them). The spread of emergence is probably due in par ^ 
females emerging many days before males (Leeson, 19326; Hirst, 1926). ‘ 

record of sexes of F fleas had been kept one could work out the mean dura i^^ 
of the early stages for males and females separately. But, as the sexes 
recorded, it would be misleading to present a mean. It is probably be 
therefore, to quote no mean or mode, and merely to record that 80 per cen 
emergences took place from day 24 to day 34 inclusive. Similarly, in m 

iV, the first and last emergences were on days 27 and 40, 80 per cent o 
between days 29 to 38. 

Experiments N and 0 have been worked out rather fully, so as to make it easier 
to study the whole body of fact which has been gathered together. 
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Survival of P fleas. 

Let us consider more briefly the results of all experiments, of which there are 
27, iiiclucling the two which have just been described in detail : but five of these 
experiments will be disregarded, for a reason set out later. The total number of 
experiments is small, and the conclusions can only be tentative. 

Consider first the figures for survival of fleas of both sexes of the P generation. 
In order to investigate the effect of temperature and humidity upon the survival 
of the fleas one must standardize the figures, which has been done by calculating the 
number which would have been alive on the 7th day for those experiments which 
lasted for longer or shorter periods. The available information is set out in Table 
I, which includes not only the experiments in which the regulation of humidity 
was satisfactory, but also a number of others, most of them carried out before the 
mercurj'^ valve had been devised, in which the relative hmnidity fluctuated as much 
as 20 per cent ; these experiments are shown in italics in the table. It is evident 
that there are several completely unsatisfactory experiments, and we are probably 
justified in excluding those five shown in brackets, in which the proportion of 
survivals on the 7th day was less than 50 per cent. This high mortality is probably 
due to the mouse eating a large number of fleas {see Postscript). The remaining 22 
experiments appear to indicate that the percentage of P fleas surviving to the 7th 
day is not influenced by temperature or humidity within the range studied. 
Under the conditions wJiich prevailed in my experiments it is probably justifiable 
to assume that the fleas fed sufficiently to restore any loss of water which low 
humidity had caused. In this respect they probably behaved like Cimex which, 
as Mellanby (1935) has shown, can suffer a great loss of water, replacing it at the 
next feed. For this reason Cimex can be bred successfully at almost any humidity 
provided that it is fed frequently. 


Table I. 

Showing the jgercentage of fleas, of both sexes taken together, which survived 
on day 7. Some jjercentage survivals are observed, others 
calculated. The figures give survivals in 
individual experiments. 


Humidity. 


Temperature, °C. 


i 

Mean per cent . . | 

24°-25° 

28® 32® 

Under 30 . . ] 

i 

78. 70. ' 


01. 

68. 

51-70 

01. 62. (44) (30) 

92. 85. 81. 80. 78. 73 

71-90 

90. 68. 66. 64. (28) 

(25) (0). i 78. 78 

91 and up 

77. 70 

79. 79 
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tend to be if destruction of liens by the mouse is a common event. The 
experiments have been grouped according to the total number of fleas put in 
at the start ; the survivals are those observed or calculated for the 7th day ; 
the figures, which are as follows, 


Original number 
of fleas. 

Number of 
experiments. 

ScRViv.vi:.s 

Mean. 

, PEB CENT. 

Range. 

122 

3 

75'5 

08-79 

70-50 

10 

74-8 

02-92 

<10-30 

9 

77-2 

01-90 


give no indication that on the average the original density of the flea population 
affects the proportion surviving. 

Leeson’s (1936) experience was evidently not dissimilar to my own. He 
kept X. cheopis with a mouse in a jar at room temperature. In a total of 19 
experiments, he started with 1,814 fleas, only 66 per cent of which survived to the 
7th day. In individual experiments the recovery rate ranged from 12 to 88 per 
cent. 


The amount of information about the survival of the male and female P fleas 
is limited, as the sex of survivors Avas not recorded in the earlier experiments. 
Figures from 9 of the experiments give no indication that rnortality is differentia 
over the period of the experiments (6 to 18 days). The results of experiments 
N and 0 quoted above are a fair sample of the whole. 


Position of surviving P fleas. 

It is generally assumed in practical studies in the field that the proportion of 
fleas found on the rats bears some relatively constant relation to the popula ion 
of wild fleas : the use of the ‘ flea count ’ is based on that assumption. A 
was therefore kept of the number of fleas which were found on the mouse s o y 
or in the bedding at the time when the experiment was brought to an end. ^ 
available figmes from the 22 experiments are grouped by temperature in Tab e 
the information is incomplete because the sex of surAiivors was not . x:„j, 
certain early experiments. The table shows that there is a considerable .. 

in the proportion of fleas found on the mouse at the end of an experiment ana 
this proportion is not related to temperature. In groups of experiments ^ 

temperatures the percentage of fleas on the mouse ranged from 4 to -■o . a 
all experiments together, the proportion was 12‘8 per cent. I also groupe 
original figures according to the humidity, but found no relation 
proportion of fleas on the mouse and the humidity. It would perhaps have 
supposed that at a lower humidity the insects Acould take blood more irequ 
and would therefore be more frequently found on the mouse, but there 
evidence that this is so. 
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It is evident from Table II that (in the two groups of experiments in which 
the figures were preserved) the number of female fleas on the mouse is much greater 
than the number of males, approximately equal numbers of males and females 
being alive in the chamber at the time the examination was made. Applying the 
test for goodness of fit to the results obtained at 32°C. one finds that the dispro- 
portion between males and females is highly significant (P < O'Ol). 

Table II. 


Showing the total number of fleas uihich survived, and the number found 
on the mouse : also the numbers of the sexes in all survivors 
and in those on the mouse. 


Tempera- 
ture, °C. 

1 

Number of 
experiments. 

I 

Number oe scRvmuo P fleas. 

Fleas i 

ON MOUSE, 

Per cent on 
mouse. 

Total. 

cf 

1 

? 

Total. 


? 1 

i 

24 ! 

0 1 

lo2 

78 

74 

0 

0 

6 

4 

25 

c 

93 

? 

9 

24 

? 1 

f 

26 

28 

8 

351 

? 

9 

31 

1 

? 

' 9 

32 

3 

100 

40 

54 

28 • 

7 ■ 

21 

28 


Total . . 

, 690 

! 

1 

1 •• 


80 

1 

•• 

12-8 


Production of F fleas. 

In each experiment the bedding was taken at the time when the fleas were 
counted, incubated at the temperature and mean humidity which had prevailed 
during the experiment, and examined daily for emerging fleas of the next (F) 
generation. The method of working out the figures so as to discover the number 
of offspring (F fleas) per ? (P) day has already been explained. As the method 
entails a considerable amount of work it was carried out only on seven experiments 
(including N and 0), in which the control of the air flow, and therefore of the 
. Sood. The results obtained from these seven experiments are shown 

in iable ill. At first sight it is not easy to interpret the table or explain the 
considerable differences in the production of F fleas, but it can be seen that at each 
Production was greater at the higher humidity. As this occurred at 
three temperatures, it appears probable that the precise degree of humidity 
has much influence on the production of fleas. The table also makes it cleL that 

— 
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relative Immidity, which is in some ways more convenient, or as saturation 
deficiency ; hut in considering the h’ fleas it is evident tliat humidity is an 
important factor, presumably because of its effect upon the larvae. As it lias 
been established that for biological purpo.ses saturation deficiency is the better 
measure of humidity, I have graphed the data given in Table III against 
tempcratiu’e and saturation deficiency, which is calculated on the mean of the 
ingoing and outgoing humidity (Graph 1). In the same graph are shown the 
results of a number of earlier experiments in which the regulation of humidity 
was not good, though the experiment.s help to delimit a zone in which low 
humidity prevents the development of fieas of the F generation. The graph is 
far from complete, but gives a forecast of the type of quantitative information 
which may perhaps become available now that technical difficulties have been 
overcome. 

Graph 1. 



Saturation deficiency (mm. Hg.)» 

Showng production of F fleas per parental ? per day. Black circles • indicate ents, 

bedding became mouldj' and no F fleas emerged. Black dots • indicate successful off31)r"'= 

production of offspring per parental day. White circles Q indicate conditions under >ic 
were produced. 


> 1*3 

Graph 1 also includes the result of certain experiments conducted 
humidity, in which the bedding became wet and mouldy. _ In these 
no F fleas were produced. The conditions are perhaps quite uimatura ’ 
to working in an impervious glass jar. But it would be interesting to know 
something similar occurs in nature, in wet countries with a heavy soil ; also ^ 
rats’ nests which have become mouldy produce fleas or not. 



Table III. 

The table relates to the production of fleas of the F generations, under certain conditions of icmpcralur 
and humidity. It gives also the period from the start of the exjienment to the 



73-77 73-78 8-9 7 138-1 345 6-12 19 35 ( 21-31 



522 


Bwlofiy of Xenopsylla clieopis {Siphonaptera). 


The last three columns of Table ITI give the number of days up to the 
emergence of the F fleas. The days are calcidated from that on which the young 
P fleas first entered the experiment (day 0). . Thi.s .should be borne in mind in 
using the table, e.g., in experiment /' the first fleas emerged on the 39th day, 
but assuming that the P fleas laid their first eggs on day 2, and that these eggs 
gave rise to the first emergences in the F generation, duration of the early stages 
is 37 days. It is clear from the table that the period .spent from egg laying 
to adult depends partly on temperature, but that luimidity is also an 
important factor, for there is a tendency for the F fleas to emerge sooner 
in the experiments in which the huiviidity was higher. These figures may be 
compared with those of Leeson (ll)32h) ; his technique was more precise 
than mine in that he used eggs under 24 hours old, incubating at 22°C. and 
80 to 90 per cent relative humidity. He obtained his first emergences 
(alway'-s female) on day 30. This I regard as a more accurate figure than my 
own, but the difference between them is not great. 


Discussion. 

The investigator’s purpose was to carry out experiments in which conditions 
for rodent and flea are nearly natural, though capable of being measured' and 
controlled. The work, therefore, falls into an intermediate position, _ and there 
are several sides from which it might be considered ; on the one hand it relates to 
precise physiological research carried out in vitro and dealing with such subjects 
as the loss of water from parts of the insect ; on the other hand it might help to 
explain observations made in the field on the prevalence of fleas and their relation 
to outbreaks of plague. Nor should it be forgotten that such experiments as 
these may perhaps lead to a more critical study of the flea count so wide ) 
used in the study of plague. 


lielation to physiology. 

We may first consider the relation between these experiments and the pliysiolog) 
of fleas, so far as it is at present known. One of the principal conclusions reaclie 
(Table I) is that the original adult fleas (P) survive about equally well at tempera 
tures from 24°C. to 32°C., at least for the periods of the experiments. This 
to mean only that the insect is relatively long lived, for one must attribute 
majority of deaths to the mice. It has also been established that humidity has ai^ 
unimportant influence on survival for the period of the experiments. This is con 
sistent with other work. For instance, Leeson (1932a, 1936) took large nura 
of adult X. clieopis of known age ; some were unfecl, others had fed once a ^ 
others had lived with a mouse for one week. These insects were ®^P°, 
to controlled conditions of temperature and humidity without any 
feeding, and it was found that duration of life was determined mainly by temp 
ture and that the effect of humidity, though definite, was relatively sligh • 
established, moreover, that in fleas in several different stages of nutrition 

by no means proportional to saturation deficiency, which appears to m 


was 


'AVAi ) •• ^ ^ trip 0l 

that the loss of water by evaporation, even under the extreme conditions o 
the experiments, was a minor matter. In this respect one cannot reconcile he 
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work witli tliat published by Bacot and Martin (1924). Their experiments were 
also carefully carried out, though the range of conditions which they covered was 
much less than Beeson's. Tlieir conclusion that the duration of life was directly 
proportional to saturation deficiency, a conclusion which many of us have regarded 
as of great theoretical importance, appears to be no longer tenable. ^ Whatever the 
effect of humidity, it may be supposed that under natural conditions any water 
which is evaporated from the flea's body into dry air would be made good the next 
time it fed. This has been fully demonstrated for Cmex (Mellanby, 1935). 

The work of Wigglesworth (1935) helps to explain the adult flea’s resistance 
to low humidity. When the insect is at rest the majority of the spiracles are shut 
and only two are in use ; moreover, even they are only open intermittently. The 
generarresult of this regulation of the spiracles is to economize water, for the 
tracheoles are freely permeable to water, so that water must inevitably be lost by 
evaporation and diffusion, as long as the spiracles remain open. The importance 
of spiracular regulation in controlling loss of water was also clearly brought out by 
Mellanby (1934). In adult fleas exposed to 5 per cent CO 2 the spiracles may be seen 
to be permanently open and the rate of loss of water is doubled. The fact that adult 
fleas are so resistant to exposure to low humidities, even at high temperatures, shows 
the efiicienoy with which the loss of water from the respiratory system is 
controlled ; it also shows that loss by evaporation tlu'ough the general surface of 
the body is slight. 

But' resistance to dryness is not a result of respiratory control alone. A serious 
loss of water from the body might occur if the adult flea failed to extract water from 
the contents of the hind gut. The process of extracting water from the contents 
of the hind gut has also been described by Wigglesworth (1932). According to that 
author the flea possesses a distensible rectum, in the walls of which there are six 
rectal glands. If the flea has taken a small meal it may be seen that the blood is 
confined to the mid gut ; fluid is rapidly absorbed from the mid gut and excreted 
by the Malpighian tubes ; this fluid accumulates in the rectum and distends it. As 
digestion proceeds one must assume that the excretion and absorption of fluid is 
continuous. This concluaon that the rectal glands are responsible for absorbing 
water from the contents of the last part of the hind gut is supported by evidence 
derived from many other types of insect. 


It is clear that the adult flea is indifferent or nearly so to humidity, even when 
low humidity and high temperature are combined, and recent work by insect physiol- 
ogists has supplied a precise and reasonable explanation of this observation. But 
my experiments were sufficiently prolonged to give rise to offspring of the next gene- 
ration (F) : observations set oat in the body of the paper have shown how diff- 
erently this generation is affected by the climatic conditions provided in the appa- 
ratus, for It is clearly shown that humidity has a great effect on the production of 
fleas of the F generation, and that when it is below a certain figure no offspring are 
produced (Table III and Graph 1). As we already know that this cannot be due 
to the^ unfavourable effect of humidity on the adults, we must assume that the ex- 
planation lies in the physiology of the early stages, and it is necessary to review what 
IS known about their relation to humidity. With regard to the egg, it is not known 
whether It is affected by differences m humidity, and it is possible that the ew 
changes in this respect as the embryo develops. As to the pupa, it is known that 
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tl' Vddl t it is resistant to low humidity, much as 

other stages of the insvr-f ll P ‘^oJo-y of the larva is unlike that of 

at wMchircan e4 for temperature 

BuHn a 94 hon4 ' ^his is not affected by humidity. 

water frn 7 Ti "• ' also suppose that the regulation of loss of 

from tb -1? perfect in the larva. This seems to follow 

the WTfer ticveloped a method for directly weighing 

air nr fn ° V 9^ these insects during exposure to ordinary 

the ontnnf f ^ orldng wuth adult XenojJSijlla he found that 

in nir nf f]^ ^ atmosphere containing 5 per cent CO 2 was double that 

nermin lumidity, and explained this as due to the spiracles being held 

b,r4 ^ ^ actually observed by Wigglesworth (1935) But on treating 

larvae in the same manner, no increase in loss of water was observed in 5 percent 

nr^rfoaT-an ^■ rcsults Mellanby made use of existing information, which 

(^Wlf n that the larva lacked any spiracular closing mechanism. But 

It +1 u 1 • recently figured and described a closing mechanism, present in 

all the abdominal spmacles of the larva of Nosopsylhts (Ceratophyllus) and presum- 
ably also in Xenopsylla. Probably one can best reconcile this with Mellanby’s work 
Dy supposing that the closing mechanism is less efficient in the larva than in the 
adult. _ It is also possible that the larval cuticle is permeable to water, and that 
some is os hrough it. It seems then that the flea larva is killed by low humid- 
1 les, a a emperatures, because it is not efficiently protected against excessive 
loss of water, either by the structure of the spiracles or of the hind gut. 

The present experiments also indicate that even within the zone of conditions 
avoura e o arval life the exact degree of humidity- has a considerable influence 
on le ra e of growth and the production of offspring ; consider, for example, 
experiments N and 0, both carried out at 28°C. 


Experiment. 

Humidity, per cent. 

Sat. clef. 

^ Offspring (E) 
IJor ^ per day. 

1st emergence 
(F) day. 

80 per cent 

Ingoing. 

1 

Outgoing, j 

(mean), 
mm. Hg. 1 

1 

emergence 
between days. 

N 

00-02 

04-72 

9-9 

i-no j 

r 

1 

27 1 

29-38 

0 

C7-C9 

89-93 

o'7 

1 

1 

2-00 

23 

24-34 


Similar figures w'ere also obtained at 24 °C. and 32°C. (Table III). At each 
l^(S?r^4*midi4s^^°^^^^^^^°^ ^ ^ greater and more rapid at higher than 
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These differences in productivity and rate of development may be due to 
some effect of humidity on the larva itself, but there is another possibility which 
should not be forgotten. The organic matter which forms the food of the larva 
comes into equilibrium with the humidity of the atmosphere and will therefore 
contain more water at higher humidities. It is not improbable that it is only 
when the proportion of water exceeds a certain figure that the food can be easily 
taken in and digested : it may be for this reason that humidity not only affects 
the production of offspring, but also the duration of early stages. Sikes (1931) 
investigated a number of different substances on which flea larvae might feed, 
and showed that they differed from one another in their hygroscopic powers. She 
suggested that one essential factor in larval growth was a particular concentra- 
tion of water in the food, and that therefore larvae would thrive at different 
humidities on different materials. This interesting point requires to be re- 
investigated now that the work of Sharif (1937a) has supplied fuller information 
about the nutrition of the larvae. 

The physiologists have tended to focus our attention on the larva of the flea, 
and their work shows that the conditions which suit it are narrower than those 
which the pupa or adult can tolerate. It is legitimate, therefore, to make use of 
other work on the effect of humidity on the larva to supplement what has already 
been set out in Figure 4 ; the largest collection of information is given by Bacot 
(1914 — Tables 19 and 20). Bacot took larvae, partly or fully grown, from a cultm’e 
jar and exposed them to conditions of temperature and humidity, his methods of 
measurement and.control being, it must be confessed, not so precise as those which 
are used nowadays. He delimited the conditions of temperature and b nmi dity 
favourable and unfavourable to the production of adults from these larvae. 
Bacot’s data and those given in this paper are brought together in Graph 2 and 
it will be seen that they are consistent with one another. It seems that the line 
dividing the favourable and unfavourable zones is rather sharp ; it is clear also 
that this line runs obliquely across the graph. This is as would be expected, for 
at different temperatures the duration of larval life, and therefore of exposure to 
risk of drying up, is for different periods. One would, therefore, not expect that 
some particular value of saturation deficiency would delimit the tolerable condi- 
tions over a range of temperature ; more probably the product of length of life 
(days) by highest tolerable saturation deficiency (mm. Hg.) would be a constant 
{see Mellanby, 1933). Whether this is so cannot yet be decided in the absence of 
data on the length of larval life at different temperatures. 

.It is hardly possible to close this part of the discussion without pointing 
out how closely the observations made on the biology of the whole animal and 
the work of physiologists who have studied its parts and system are consistent 
with one another. 


Relation to field work. 

It is now a good many years since Brooks (1917) examined the statistics of 
plague from many places in Northern India and a few elsewhere and formulated 
certain general rules. He found that plague does not maintain itself in epidemic 
form when the temperature (in the screen) rises above 80°F. (26-7°C.) accomnanied 
by a saturation deficiency of over 0-3 inch (say 8 mm.) ; but even if the tempera- 
ture is higher, provided the saturation deficiency is less, plague may commence 
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and increase in intensity. These climatic limitations have found a general 
acceptance, and it is held by most workers, for instance, Hirst {loc. cit.), that they 
are due, at least in the main, to the effect of climate upon the fleas which transmit 
the infection. As a broad rule the figures arrived at by Brooks are probably near 
the truth, but as a result of recent advances in the physiology of the insect, we now 
suppose that the limit of dryness will not be some particular value of saturation 
deficiency ; on the contrary, at higher temperatures the larvse will be found to 
tolerate dryer air because they develop more quickly, and are therefore exposed 
for a shorter time (see above). A considerable body of fact has been produced in 
support of this view (Graph 2). It seems, moreover, that fleas not only exist but 
are capable of rapid multiplication when the air is much dryer than a saturation 
deficiency of 8 mm. ; for instance, at 32°C. and a saturation deficiency of 11 '4 mm. 
I have found a production of 2-19 adult offspring per parental female per day. 
Bacot (loc. cit.) also obtained a considerable proportion of adults from larvce 
at and 34°C. and in air which was still dryer, though his regulation of 

humidity was not precise. One would hardly expect the insects to breed 
successfully at temperatures much higher than these, for it is shown by Mellanby 
(1932) that the highest temperature which the adult can survive for a period of 
24 hours is just below 38°C. 

It must be remembe:^d that though fleas multiply so rapidly at temperatures 
exceeding 30°C. it does not follow that transmission of plague would be most 
common at those temperatures. It seems probable that the climatic optimum for 
the survival of infected fleas is cooler. 


It is clear that work tending to produce a quantitative biology of the insect 
under conditions which are precisely defined, will have much greater practical 
value when we know more of the climatic conditions which exist in the spots where 
the insect itself lives. The epidemiologist, engaged in forecasting the course of 
plague epidemics, needs a considerable body of fact about the temperature and 
humidity in the holes, haunts and nests of the rats. The objection will at once 
be put forward that the conditions of a rat’s nest in a wall are quite unlike those 
in a nest in the roof, and again quite unlike those in a hole in the ground ; also 
that even in the ground conditions will be quite different in the open, under a 
building, or in the north or south side of a courtyard. The writer is fully aware 
of these difficulties, but urges that it is necessary to make these investigations and 
to continue them for a period of several years. The technical difficulties in 
measuring the temperature and humidity are not any longer very great. When 
a considerable body of fact has been collected about climatic conditions in rat holes, 
etc., it may become possible to apply corrections to standard meteorological data, 
and make better use of them in relation to the epidemiology of plague. 


It seems that very few attempts have been made to work along these lines. 

“ the summer in Palestine (Buxton! 
1932). But enough was done to reveal the complexity of the subject and define 
a tew general conclusions. It was found that, doubtless owing to the effect of 
radiant solar heat, the temperature in buildings and in the surface of the soil was 
frequently much higher than that in a Stevenson’s screen. In holes and such 
places the temperature was extremely stable. Conditions of humidity varied 
greatly from place to place. In cellars, stables, and rat-holes, in which evaporation 
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was actively going on, even tlioiigli no rain had iallen for many months, tlie 
absolute humidity was much higlier than it was outside. In most cases the 
saturation deficiency in these small environments was very much below that 
recorded in the screen, and the conditions for flea breeding presumably more 
favourable. 

It appears that experiments such as are descril)ed here might lead investigators 
of plague to consider the ‘ flea count ’ from a new point of view. Tbe Ggures set 
out in Table II .show that there is a large variation in the proportion of fleas found 
on the mouse’s body at the end of an experiment ; moreover, the variation appears 
to be unrelated to temperature or humidity. The gross percentage of fleas on the 
mouse is 12'8, the range in groups of experiments (not in indiviclual experiments) 
running from I to 28 per cent. These figures arc curiously diflerent from those 
published by Leeson (1936). For his work he required X. cheopis which had been 
kept with a mouse for a week, and he recorded the number found on the mouse 
and in the bedding ; in 19 experiments taken together, of 1,200 fleas, 42 per cent 
(505) were on the mouse, but in individual experiments the proportion ranged 
from 17 to 89 per cent. There is another discrepancy between these figures and 
Leeson’s in the proportion of the sexes found on the mouse. In two groups of 
experiments (Table II) the females were significantly more numerous than the 
males (P < O'Ol). Leeson, adding the results of his experiments together, observed 
out of 717 males 46 per cent, and out of 483 females 38 per cent, on the mouse ; 
the difference is significant (P =- 0'02), though the reverse of that found by myself. 
Leeson has also recorded that many of his individual experiments differed widely 
from one another in this respect. AVebster and Chitre (1930) report on the 
position of live fleas in cages containing rats recently dead of plague. The 
proportion of cheopis on the rat is consistently greater in the ‘ off season ’ than m 
the ‘ plague season ’. As is recorded in the Postscript, the proportion of fleas 
found on a baby mouse is much higher than on an adult. The rodent’s age is 
therefore an important variable. 

It seems that in this respect the results of experimental work are inconsistent 
with one another. Surely some investigator of plague should find it worth while 
to give further study to this point. With no more equipment than a number oi 
battery jars, each containing a rat and a population of fleas, it might be determined 
whether the number on the rat varied with season and whether it -would be 
affected by the type of bedding, size of the container, age of rat, light, temperature, 
and other factors which could readily be varied. One might in tins way 
discover more precisely what it is that the flea count records. 

The value of the flea count is very well established and generally admitted, 
and I am very far from wishing to bring it into disrepute. On the contrary, 
suggest that the matter is important enough to demand study from a new aiig 
the experimental, so that we may acquire knowledge of the limitations oi ti 
widely used method. So far as present knowledge goes the flea count cannot 
regarded as a good measure of natural populations of fleas. For one thing i 
based on the assumption that the unlcnown proportion of fleas which are on i^ 
rat’s body is approximately constant ; but it is at least possible that this proper 
tion alters with season, depending on the flea’s hunger or activity ; it may a 
be different for fleas of different age, sex or state of nutrition. Moreover, on 
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should uob overlook the fact that changes in the rat population would tend 
to dilute or couceutratc the population of fleas, if their numbers remained 
unaltered. 


Summary. 

1. The paper describes an apparatus in which a rodent and a population of 
fleas may be maiptaiued under conditions which are almost natural and at the 
same time capable of control and measurement. 

•2. The survival of the P (parental) fleas is erratic ; this is mainly 
due to the mouse eating the insects, as the Postscript Shows. It appears 
that survival, up to 7 days, is not affected by temperature or humidity. This 
is consistent with what is known of the physiology of the adult flea. It is 
probably true to say that its loss of water, even at high temperature and low 
humiditj’’, is insignificant, and that the loss can be made good at the insect’s 
next meal. 

3. The proportion of P fleas on the mouse and in the bedding at the end of 
an experiment varied greatly. The differences did not appear to be related to 
climatic conditions. There was a tendency for a higher proportion of $ $ fleas 
to be on the mouse. The flea count, a technique used so widely, should be 
submitted to experimental study. 

4. Fleas of the F (first filial) generation were bred out, the material being 
kept under the same climatic conditions as those to which the parental fleas had 
been exposed. No emergence of F fleas occurs when the humidity is below a certain 
saturation deficiency, which is not the same at all temperatures. Even at one 
temperature and within tolerable limits of humidity, the production of F fleas is 
closely dependent on humidity, the production being less as the fatal limit is 
approached. The period occupied by the early stages is also influenced by 
humidity, probably because the growth of the larva is retarded when the 
water content of the food is low. 

5. These observations on the production of F fleas are consistent with 
what is known of the physiology of the larval stage. The larva is not capable 
of much resistance to desiccation, losing water with its excrement, and probably 
also in respiration (in spite of possessing a spiracular closing device). 


Postscript.— Though most of the major variables were successfully controlled, 
the number of P fleas which survived varied greatly and erratically (Table I) : this 
was thought to be due to the mouse catching and eating many fleas. 


finished, at the suggestion of the \vriter’s colleatrue 
Dr. M. U atson, we substituted a single baby mouse for the adult ; the mice were 
SIX to nine days old, just able to crawl, and one fresh baby mouse was used each 
day. The experiments were carried out in jars with a diameter of 5 inches. 
The substitution of baby mouse for adult made a very great diflierence in the 
Jr surviving. The results obtained are shown in 

Table I^ . The figures seem to indicate that, as previously suspected, adult 
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mice c;xfc a coiisicleraljle number of fleas. Ifc will also be noticed that a higli 
proportion of the survivin'; fleas were found on the body of the baby mouse 
at 31%'. These observations will enable us to eliminate another important 
variable in future e.vpcriinents. 

T.vulk IV. 

Shoivhuj retsulls ohUiined by Jceephiy equal numhem o/Xenopsylla 
cheopis with a baby and an adult mouse. 

[ i PnofOKTiON OF FLEAS OF 

, beuvivisc. FLEAS, JJODA’ OF AIOBSE, TTH 


Tempera- 
ture, °C. 

Number of 
cxiierimeutd. 

I'^leas per 
experiment. 

f 

Baby. 

1 

1 

Adult. 

i - - - 

1 Baby, 

j per cent. 

! 

Adult, 
per cent. 

31 

8 

50 I 

48-50 

2-26 

mean 14' 1 

55 1 

1 

i 

1 

! 

1 

25 

1 

1 

S 

50 , 

1 

i 

47-50 

17-30 
mean 25' 7 

30 

39 
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ON THE NUMBER OE EGGS OF THE COMMON 
HOUSE-FREQUENTINC4 FLIES 
OF CALCUTTA. 


BY 

D. N. ROY. 

(From the Department of Medical Entomology, School of Tropical 
Medicine, Calcutta.) 

[Received for publication, Slay 2.3, 1038.] 


Although we have some data as to the number of eggs that M. domestica 
can lay at a time, we have none in regard to any of the common Indian domestic 
flies, especially ili. vicina, the commonest of the house-frequenting flies in this 
country. It is not the intention here to enter into any controversy whether 
M. vicina and M. domestica are the same species or different ; one may note, 
however, that Patton (1931) has brought forward convincing evidence to 
show that they are not the same. 

The number of eggs that a fly can lay in a single batch can be determined 
either by counting the eggs when they are laid or by their number in the ovaries 
of gravid females. 

The former method is clifficult to follow for the reason that there is a 
tendency on the part of the fly to deposit eggs in very small nooks, cracks, 
and holes, where it is not possible to count them accurately. The latter 
method, though it seems theoretically sound, has not yet been tested in 
.practice. It was the object of this inquiry to test it in trying to find out 
the number of eggs that a fly usually lays in a batch. 

Three species of domestic flies of Bengal, M. vicina, M. nebulo, and 
Chrysomyia megacephala, were experimented with. ’ 

Table I represents the number of mature eggs which were detected in 
the ovaries of gravid females after dissection. The adults were aU caught in 

utiZtiiirSa ^ 
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Table I. 


al/. vicina 
J/. nchilo 
C. mcgaccphala 


Nu.MiiKit ui' i;ciGs I'oirxD i.\ tub ovaeies. 


Average. j 

^ra.vitmim. 

1 

1 Minimum. 

1 

!)7 i 

t 


j 

i GO 

j 

t 

^ — * 

\ 

SI 

1 05 

1 

i 

1S2 

211 

1 

13G 


Hence on an average a single Jll. donieslica, M. nebulo, and C. 
can deposit 97, 75, and 182 eggs, respectively. 

Ihe dissections in the above series were performed in March and April, 
at a time when it is supposed that the rate of their multiphcation takes 
place at a very rapid pace. During the winter season, on the other hand, 
they show a tendency to produce {i smaller number of eggs, and the proportion 
of gravid females among the wild catches at that time is considerably less 
than during summer. Thus, the number of eggs that was found in the 
ovaries after dissection in December was 72, 64, and 166 in vicina, nebulo, 
and megacephala, respectively. 

No accurate knowledge was previously available as to whether or not the 
ovaries completely discharge their contents when a batch of eggs is laid. This 
was ascertained by dissection of the ovaries of 31. vicina after oviposition, and as 
egg was detected in the ovaries in a single instance, it therefore followed that 
when once egg-laying sta,rts, there is a tendency on the part of the fly to empty 
the contents of the ovaries as quickly as possible. In contrast to such a finding 
one may cite the experience of Dunn (1923) when he reported from the Panama 
Canal /one that 31. domsstica was capable of piroducing large batches of eggs almcs 
daily. He experimented with what appeared to be an extremely prolific race ot 
flies of that species. He left a pair of them in each lamp globe wdth fresh horse 
dung every day to deposit their eggs in, and milk was given to them for their food. 
Whether such introduction of horse manure might have a stimulating influence 
on their egg production, which could account for an almost continual production 
of eggs every day or at an interval of a day, was also determined by me. 

For this purpose an experiment was planned out on the lines carried out by 
Dunn, with the only difference that gur was substituted for milk and extra ua er 
was provided. The horse manure was changed daily for four days in succession, 
and at the end of every 24 hours the samples were carefully examined for 
presence of eggs or larvae. It was noticed that under such conditions once tne 
flies had deposited a batch of eggs, further depositions within a period^ of thre 
days did not take place, and in this respect there was a sharp difl'erence in resui 
from those recorded by Dunn. 
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The prolificity of M. vlcina and il/. domestica can now be compared : — 

Table II. 


JLf. viciiia. 


M. domestica. 


97 in March and April 
72 in December 


120 or perhaps more (Howard, 1912). 

120 to 123 (Forbes of Illinois, cited by- 
Howard, loc. cil.). 

120 (Hewett, 1914). 

120 to 140 (Newstead, 1908). 

22 to 159 (Dunn, loc. cit.). 


Thus, in respect of egg-laying capacity, M. vicina departs widely from its 
European prototype. 

Sdmmaky. 

The significant facts that have emerged out of this investigation are : — 

1. Counting of eggs in ovaries of gravid females affords an easy means of 

ascertaining the number of eggs that the fly is capable of depositing 
in a batch. 

2. The three common species of house-frequenting flies in Bengal, e.g., 

M. vicina, M. n^bulo, and 0. megacepliaia, lay on an average 97, 75, 
and 182 eggs, respectively, in one laying. 

3. Though morphologically M. domestica and M. vicina resemble each 

other, they differ in regard to the number of eggs they usually deposit 
in a batch. 

4. When one batch of eggs is laid, some time must elapse before another 

batch becomes mature. 


Dunn, L. H. (1923) 
Hewett, C. G. (1914) 

Howabd, L. O. (1912) 
Hewsteab, R. (1908) 
Patton, W. S. (1931) 
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A. NOTE ON THE OVERWINTERING OF THE HOUSE 
FLY, MU SC A BO ME ST 10 A. 


BY 

PURNENDU SEN, m.sc. (Cal.), ph-D. (Lond.), d.i.c., 
Entomologist, Bengal Public Health 'De-partment, Calcutta. 


[Received for publication, June 10, 1938.] 


In Muktesar (U. P.) 'during the winter of 1937-38 the house fly, Mwsca 
domestica,*' was commonly 'seen both in houses and animal sheds. This led to the 
investigation of the nature of overwintering as there has been some dispute over 
this phenomenon in the case of house flies (Patton, 1931). 

The question arose whether the house flies noted in the winter season from 
November 1937 to March 1938 in places such as Muktesar situated at an 
altitude of 7,500 feet above sea-level were really hibernating flies which came out 
of their winter sleep on comparatively warm days or whether they indicated that 
reproduction of flies continues even in winter. In the experience of Kobayashi 
(1934, 1935), the house fly (M. domestica) does not hibernate in the Far East. 

House flies were frequently caught and examined during the months of 
December, January, February, and March. In these collections both sexes were 
represented (the ratio being two males to three females) and the flies were quite 
active. There was no excessive accumulatioti of fat bodies in the abdomen of 
these flies. The ovaries in the females were noted to be fully developed in some 
but in the great majority they were very poorly developed The flies usually 
frequented such places as animal sheds and sculleries where food was plentiful. 
They invariably disappeared as soon as the warm spell was over and they were 
found to be very adversely afiected by a drop in the temperature of the room. All 
these observations suggested that the house flies, M. domestica, in Indian hills do 
not hibernate. If these w^ere merely hibernating flies coming out of their winter 
retreats owing to warm spells, they would all have been females as has been noted 
in several other truly hibernating insects such as Pollenia rudis (Calliphorinae), 
Culex pipiens, and Anopheles maculipennis (Patton). The ovarian development 
would have been suspended and the flies would be provided with a reserve store 
of fat. Hibernating flies would never be killed by the freezing cold of the winter. 
These would be negatively heliotropic and would not come out in the bght as was 

* Type species as determined by the key of Patton and Senior White 

( 535 ) 
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Ovmrinfcnnfi of the House Fhj, j\rusca domestica. 

noted in case of tlie house flies occurring in I\ruktesar. The view that the house 
ny overwinters by constant breeding in warm places appears to be established. 

This view has been further supported by observation of actual oviposition by 
M. domestica on _2-lth January and again in the latter half of February (1938). On 
both these occasions the eggs were laid on the ‘glass tubes in which the house flies 
were kept and egg laying started innnediately after capture. The number of eggs 
laid was small. On the first occasion only one e^g was noticed and from this 
hatched out almost innnediately the tiny maggot, reminding one of the viviparous 
mode of reproduction in some blood-sucking muscids. In the second instance 
about 7 or 8 eggs were laid but these failed to hatch presumably on account of the 
low temperature. 

The small number of eggs and the very appreciable reduction in the length 
of time reejuired lor the egg to hatch are probably provisions to ensure better 
chances for the species to survive the winter when conditions for the propagation 
of the flies are very unfavourable. 


KoBAYASm, H. (1934) 
Idem (1935) 
Patton, W. S. (1931) 
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CHEMOTHEEAPEUTIC STUDY OF STREPTOCOCCAL 

INFECTIONS. 


BY 
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[Received for publication, Slay 23, 1938.] 

Recent researches on the chemotherapy of streptococcal infections have . 
shown that p-amino-benzene-sulphonamide renders the blood antiseptic to 
difEerent types of hsemolytic streptococci, but the drug is to be usually administered 
in large doses which is often difficult and sometimes leads to toxic effect. Buttle 
et al. (1936) have again demonstrated that the bactericidal property of the above 
compound is not exclusively due to the presence of the sulphonamide grouping, 
SO 2 NH 2 , and is even found in certain diphenyl sulphones (Buttle et al., 1937). 
Consequently, it was considered to be of interest to make a further study on other 
substances more or less closely related to the p-amino-benzene-sulphonamide. 

Accordingly, with the idea that linking the amide group with other chain 
or ring known to possess or exert chemotherapeutic activity might lead to 
the isolation of a better product, 4-amino-benzene sulphon-S-diethyl-amino-butyl- 
amide, 4-amino-benzene sulphon-8'-quinolyl-amide and 4-amino-benzene sulphon- 
6'-methoxy-8'-quinolyl-amide have been recently prepared and described by one 
of us (Choudhury et al., 1937). The bacteriostatic and the bactericidal actions of 
the above compounds are now embodied in the present paper. 

It has been found that 4-amino-benzene sulphon-8'-quinolyl-amide possesses 
a bacteriostatic action on haemolytic streptococci in vitro in a concentration of 
1 in 4,000 and a test on mice indicates that the compound is extremely toxic. 
The other two products have no such action even in a concentration of about 
1 in 1,300. 4-amino-benzene sulphon-5-diethyl-amino-butyl-amide is also equally 
toxic to mice. 

Experimental. 

Groups of white mice (weighing from 10 g. to 12 g.), three in each case, were 
infected with broth cultures of streptococcus' hsemolytic and these were injected 
J. MR '( 537 ) ' " 14 
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intniniusculiirly with (litYerenb doses of ■l-amino-henzene .sulplion-2-diethyl-amino- 
butvl-uiuide aiul {-ainino-hciizciie .sulplioii-iS'-quinolyl-amide in the form of their 
dihydrochloride salt solutions. Si.t animals were only infected but not treated 
with the compounds and they served as controls in each case. All of them were 
kept under observation for bb hours and the results are shown in Table I 

T’Anr.K I. 

Drug : — ^Dihydrochloride of 4-amino-benzene sulphon-S-diethyl-amino-butyl- 
amide, or 4-amino-benzene sulphon-8'-quinolyl-amide. 

Number of mice ; —24, 0 being for control in each case. 

Infecting dose : — 0-25 c.c. of 18 hours’ broth culture of strepto-heemolytic. 


Number of 
mice. 

Infecting doso 
in c.c. 

Doso of tho 
drug in mg. 

Result. 


0-25 

1 

7*0 t ' 

1 


a 

0-2o 

i C-O 1 


3 

0-25 

4-5 


3 

0-25 

1 3-5 

t 

> All dead. 

3 

0-25 

1 2-5 


3 

0-25 

1-5 j 

1 

6 (control) 

0-25 j 

i 



It was next considered to be of importance to find out whether the 
themselves are toxic for the mice. Accordingly, groups of six mice, three m ea 
case, weighing 10 g. to 12 g. were taken and injected intramuscularly over 
- flanks in different closes with each of the above two compounds rendered so u 
by means of hydrochloric acid. The results in each case are as recor et 
Table II 


Table II. 


Number of 

Dose of the 

Result. 

mice. 

drug in mg. 





3 

7-5 

> 


3 

1 

1 

6*5 

I 



3 

1 

1 

! 4*5 

1 


All dead. 

3 

3-5 



3 

2-5 



3 

1-5 
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From Table II it is evident that l)oth the drugs in the form of their hydro- 
chloride salts are fatal for the mice even in dosage of 1'5 mg. 

In order to find out the bacteriostatic action on cultures of stiepto-h»molytic, 
all the drugs mentioned, being almost insoluble in water, were first of all passed 
through a 200 sieve and then were made up to 1 per cent suspensions in water 
containing 0’2 per cent of tragacanth. Ordinary nutrient broth 10 c.c. were 
inoculated with the organisms and, after half an hour, different amounts of all the 
three drugs in suspension were added to the test-tubes containing the cultures. 
To get an uniform result three sets of tubes were used for each amount of the 
different drugs, and they were all incubated at 37°C. for 18 hours. The results 
obtained are given in Table III : — 

Table III. 


Culture : — Strepto-hasmolytic in 10 c.c. nutrient broth. 


Drug in sua- 


Amount in .mq. 



Control : 

1 1 c.c. of 0'2 

pension. 

0-23 

o 

6 

2-5 

^*5 1 

50 


per cent 
tragacanth. 

-Butyl-amide 

-6'-methosy-8'- 

quinolyl-amide. 

Growth 

1 

Growth 1 Growth 

' ! 

1 t» ‘it 

1 

! 

1 Growth 1 Growth 

I ' i 

f 

1 

»» ♦» 

! ! 

Growth 

»» 

Growth 

1 

1 Growth, 

-8'-quinolyl-amido 


„ j .. 

i 

1 

i 

! No 
growth 

1 

1 

1 

1 No 
! growth 

No 

growth 

1 

No 

1 growth 



la 


Thus, it is evident that only 4-amiuo-benzene sulphon-8'-quinolyl-amide 
inhibits growth of strepto-hsemolytic when 2-5 mg. in tragacanth suspension were 
added to the test-tube containing 10 c.c. of the culture. The other products had 
no such action even in the concentration of 1 in 1,333. 


Discussion. 

The results indicate that the compounds under investigation are too toxic for 
the mice. Of course, the drugs in question were used in the form of their hydro- 
chloride salts in which form p-amino-benzene-sulphonamide is also known (cf. 
Buttle et al.,_ 1936) to produce untoward symptoms. But as 4-amino-benzene 
su(phon-8 -quinolyl-amide is found to possess bacteriostatic action only in a 
concentration of 1 in 4,000 [p-amino-benzene-sulphonamide being active in a 
concentration of 1 in 18,000 (De and Basu, 1937)], it would not be of any worth to 
study •bactericidal effect of the drug itself on animals via the alimentary tract. 
The other two have no action even %n vitro. It may be pointed out here that 
■ whereas the chemotherapeutic activity is enhanced by the replacement of an 
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amiuo group by an ainino-alkyl-ainino chain in certain antimalarial drugs 
{cf. Scliuleinann ctal., 192G, 1932), tlie linking of such a chain to the amide group 
of sulphonamide has not, liowever, resulted in any increase in the bacteriostatic 
activity of this latter drug. But since ‘Prontosil’ lias been found to be effective 
(Virgil et cd., 1937 ; Hill and Goodwin, 1937 ; Bead and Pino, 1938) even in the 
treatment of quartan malaria, it would be interesting to study the effect 
of these compounds on malarial parasites. Work in this direction is already 
in progress. 

Su.M.MAnY. 

The replacement of the amide hydrogen of p-amino-benzene-sulphonamide by 
8-quinolyl, 6-methoxy-8-quinolyl, or S-diethyl-amino-butyl group, each of which 
is known to enhance the physiological activity of a chemotherapeutic compound, 
does not help in the increment of the bacteriostatic property of sulphonamide; 
on the contrary, it increases the toxicity of the compound. 
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THE ANALYSIS OF THE HEMATOLOGICAL FINDINGS IN 57 CASES 
OF ANEMIA IN PEEGNANT TEA-GAEDEN COOLIE 
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This paper is a report of further investigation into the aitiology of the anaemia 
prevalent amongst tea-estate labourers. 

In an earlier investigation, we (Napier and Billimoria, 1937) made a fairly 
complete examination of the blood picture in 52 cases of pregnancy anaemia, but 
in that series in the majority of cases only one examination was made. In the 
present investigation, we have followed up the patients for as long as possible to 
ascertain the reaction to various forms of treatment. 

Technique. — The technique adopted was the same as that in our previous 
investigations. The actual examinations were carried out by the junior' writer 
(D. N. M.) who had been working in the senior writer’s laboratory for about a year 
at the time of the commencement of this phase of the inquiry and had standardized 
his methods and instruments. 

Blood examinations were carried out as frequently as possible, but at least 
once a week during the important periods of investigation. The reticulocyte count 
was done in most cases on alternate days, but in some of the graphs the peak only 
was recorded. In some instances it is feared that the peak was missed 

( 541 ) 
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Controls . — It was considered advisable to examine the blood of a certain 
number of ‘ normal ’ coolies, as we had no normal data for the coolies in this district 
For this purpose, 25 male and 25 female wording coolies, between the ages of 20 
and 40, apparently in good health, were selected and their blood examined. The 
blood findings are summarized in Table I, and certain other data are included in 
the appropriate tables below: — 


Tahlk I. 



1 

i 

Range, 

Mean. 

1 

! S.D. 

; 


f ^fales 

7-01 to 15-54 

12-60 

± 1-83 

Ilffiinoglobin in g. per 100 c.c. 

! ^ 

[' Females 

1 

O-S.S to i:}-34 

10-40 

± 1-73 

(' .Males 

Red blood cells in inilliuns iier e.niin. .. 1 

( Females 

:{-ss to 0-05 

5-057 

0'563 

2-‘JS to 5-53 

4-454 

0-705 

i 

i 

White blood cells in tliousands per c.inm. | 

Males 

5-05 to l)-05 

7-111 

1-759 

Females 

3-10 to 9-90 

6-456 

1-755 


Males 

28-34 to 51-23 

1 

42-18 1 

4-81 

Cell volume, per cent 

Females 

17-99 to 47-60 

37-07 j 

7-34 

• 

Males 

60-1 to 105-5 

84-93 

10-78 

Mean corpuscular volume (MCV) 

Females 

55-9 to 108-0 

82-49 

12-68 


Males 

14-8 to 31-8 ! 

1 

25-14 j 

3-70 

Mean corpuscular hoemoglobin (MCH) , . i 

Females 

1 

18-6 to 31-4 I 

i 

23-42 

3-10 

■ 

Males 

26-9 to 39-3 1 

J 

29-72 1 

2-94 

Mean corpuscular hsemoglobin concentration • i 


1 

28-67 j 

1 

3-37 

(MCHC). (' 

Females 

21-7 to 38-3 i 

1 


The figures for haemoglobin, the red cell count, and the white cell c^n ® 
differ materially from those of the other coolie populations (Napier and Das 
1936 ; Napier and Billimoria, loc. cit.) ; the cell volume, however, is dis 
higher in the present series. This difference is better shown in the 
values, the mean corpuscular volume (hereafter referred to as MCV) mm 
corpuscular haemoglobin concentration (hereafter referred to as MCHOj. 
present series, the former is markedly higher than in the two previous 
the latter correspondingly lower, as the mean corpuscular haemoglobin ( is 
referred to as MCH) is about the same in the three series. 



L. E. Naper and p. N. Majumdar. 


543 


The correct estimation of cell volume is dependent on two things, the anti- 
coagulant and the rate of centrifngalization. We have used 0-2 per cent potassium 
oxalate in all our estimations, and have multiplied our cell-volume findings by 
the factor 1-09 to compensate for shrinkage. This procedure has been questioned 
by Solvhey ct al. (1937) who have found that their sample of potassium oxalate 
produces a lower degree of slirinkage. In one of the previous series, Napier and 
Das Gupta (1936), Ave used an efBcient centrifuge, but in the other, Napier and 
Billimoria (loc. ciL), the centrifuge was defective and for this reason we made an 
allowance in our readings. In the present series the centrifuge was a good one 
but the electric supply Avas sometimes weak. If a centrifuge is revolving slowly, 
packing will never be complete, and this was certainly the case in some of our 
estimations. We believe, from evidence into which we need not go into now, that 
in this series the cell-volume estimations as a whole were about 5 per cent higher 
than they would have been if packing had been complete and, therefore, the MCVs 
will be 5 per cent too high and the MCHCs correspondingly 5 per cent too low, in 
both the aa®mic cases and the controls we have not adjusted our readings to 
counteract this error. 


For this reason we are not laying as mnch emphasis on the volume of the cells 
as on their haemoglobin content. 

Compared with those of normal city-dweliing Indians — males, i.e.,'14'7T g. 
(Napier and Das Gupta, 1935a}, 15-70 g. (Napier and Das Gupta, 1936), and 15-37 g. 
(Sokhey et at, 1937), and females, i.e., 14‘55 g. (Sokhey et at, 1938) and 12-52 g. 
(Napier et at, tmpublished) — the figures for hsemoglobin are very definitely (and 
statistically very significantly) lower. On the other hand, the number of red cells 
is very nearly the same as the above workers found in city-dwelling Indians, i.e., 
males 5-36, 5-53, and 5-11 millions, and females 4-47 and 4-671 millions. Thus, the 
mean corpuscular hEemoglobin is very much below normal, or, in other words, the 
hsemoglobin deficiency in the whole blood is dependent not on the number of cells 
but on the small amormt of haemoglobin in each individual cell. 

This low mean corpuscular hremoglobiu has been a constant finding in all our 
investigations amongst tea-garden coolies. 


From the data given by Napier and Das Gupta (1935a and b) the MCH for 
males can be calculated to be 22-1 yy and for females 22-0 yy ; in our latter series 
(Napier and Das Gupta, 1936) the figures were 23-91 yy and 23-35 yy, respectively, 
and Napier and Billimoria {loc. cU^ found a mean of 24-51 yy for non-preguant 
and 23-80 yy for pregnant female coolies. These are contrasted with 27-56 yy 
(calcvdated) and 28-53 yy for male city-dwelling Indians (Napier and Das Gupta 
1935, 1936), 30-08 yy (Sokhey et at, 1937) and 29 yy which is the figure usually 
quoted for Europeans and Americans. 


It is not quite certain how far this deficiency in the hEemoglobiu of the 
individual cell is associated with a deficiency in size. Our earlier investigations 
suggested that this latter deficiency was as great but findings have not been quite 
consistent {vide supra). In the present series the population, though a tea-garden 
coolie force, is a different one from that of the earlier investigations and it is 
^iiceivable that the size of the cell may be actually, as well as apparently, larger 

tkarthe normal ^ population is distinctly smaller 
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What is the significance of this under-hajmoglobinized small cell is not 
certain. It is the usual blood picture of chronic luemorrhage and iron deficiency, 
but we have attempted to raise the luemoglobin in so-called normal coolies by 
giving large doses of iron and have failed (tliough the experiment would be worth 
repeating on a larger scale) ; on the other hand, Sankaran and Eajagopal (1938) 
successfully raised the luemoglobin level in their Madras ‘ normals ’ by giving 
comparatively small doses of iron. Does the continued drain on the blood caused 
by hookworm infection exhaust the body reserves of some other substance 
necessary for normal haemopoiesis in a coolie living on a minimal diet ? 


Discussion on normal slandanls . — The next problem is what is to be our attitude 
towards the hacmatological data obtained from the so-called normal coolie. Are 
we to judge the haemoglobin of the individual female on the 14‘0-gramme basis 
or on the 10‘4-gramme basis ? If on the former, then the majority of our so-called 
normal coolies would have to be considered anaemic. Or, if on the latter, then 
coolies with haemoglobin above 7 grammes must be considered to be within the 
normal range ; this may seem absurd but in actual practice, though no doubt their 
efficiency is low, they show few symptoms of anaemia and seldom apply for' treat- 


ment until their haemoglobin percentage is below this figure. 

The same question arises in coimection with the corpuscular values. Should 
the MCH of 28‘53 ± 2‘31 or 23‘42 ± 3‘10 be considered the normal ? If the former, 
then again the majority of the so-called normals would have to be classed as 
hypocluomic and, if the latter, 17-22 yy would be considered the upper limit tor 
hypochromia, which would be absurdly low. 

The patients . — The patients were tea-garden coolies employed in one or other 
of the gardens that are served by the Central Hospital, Dew an, near Silchar, under 
the medical charge of Dr. G. Fraser. They were sent in from outlying 
hospitals to the Central Hospital for special treatment and for im-estigation. On Y 
the worst cases were selected for special treatment from distant gardens, but trom 
the gardens close at hand all coolies that required hospital treatment were admitte 
to this hospital. For this reason, in this series, there are fewer patients with slig 
degrees of anaemia than in our previous series in which all anaemic pregnant women 
were included ; in fact with one exception their initial haemoglobin level was be o 


7 grammes per 100 c.c. of blood. 


The attitude of the pregnant coolie woman is very fatalistic : she as^mes, 
not entirely without reason, that any degree of ill-health which she is suneimg 
is due to pregnancy and that all will be well when she is delivered. She, thereior , 
seldom applies for medical treatment unless some complication supervenes, a 
she will often continue to work with her haemoglobin level at 3 grammes and eve^ 
low^er. The majority of these patients came under observation during ^ 
routine inspection of pregnant women, the remainder because they w- 
suffering from some complications. . 

When asked she will admit to weakness but seldom to breathlessness, 
beyond her anaemic appearance oedema of the feet is often her only 
sign, though on auscultation a haemic murmur may be heard. In a mw ca 
the red, smooth tongue of the pellagrin was noticed, but there was jj't; 

soreness of the mouth ; koilonychia was not noted. There was often a siig 
cloud of albumin in the urine but no casts. 
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A number of tbe patients were suffering from some complications, diarrhoea, 
bronchial catarrh or just ‘ fever ’ being the common complaints. A moderate 
degree of fever was very common and this often lasted for a week or so into the 
puerperium. 

A history was often given of anaemia with previous pregnancies, but the 
patient usually said that it had not been so marked. Occasionally, however, 
there was a history of severe anaemia at each pregnancy. 

Clinical classification — possibility of making a clinical classification 
was considered but soon abandoned. A recent writer (Sfitra, 1937) has classified 
his cases according to present complications and histories of certain diseases in the 
recent past, but the procedure did not seem to us to be very successful. 

In our cases, the histories regarding previous illness were unsatisfactory : 
we have discussed this point later in the paper. 

Hcematological classification . — ^The hsematological picture presented by these . 
patients is not a constant one, and, therefore, the first step should be an attempt 
to divide them into haematologically homogeneous groups. 

The question that arises is, on what particular feature of the blood 
picture should the classification be based ? In view of our uncertainty as to the 
absolute accuracy of our cell-volume estimations, \ve felt that it would be best to 
place more emphasis on the mean corpuscular haemoglobin (MCH) than on the 
mean corpuscular volume (MOV). 

Our plan in the last series (Napier and Billimoria, loc. cit.) was not to 
adopt any pre-conceived method of classification but rather to examine the 
blood pictures and to see if they appeared to arrange themselves into any 
distinct groups, and in this series we have adopted the same plan. 

As we have stated above, in this series we followed the cases for some 
time and the blood picture naturally changed. In the successfully-treated 
cases there was a tendency, as one would expect, for the MCH and MOV to 
move towards normal, but some of the hypochromic microcytic cases 
remained as such, even after the hremoglobin had increased to ‘ notmal ’, or 
to such a level that the patient ^could be discharged from hospital and was 
thereby lost to us. 

On the other hand, there was an early change in the picture in some cases, 
before treatment had been commenced or could possibly have taken effect, for 
example, case 49 who was originally hypochromic norinocytic, with a few 
days of iron administration, though the haemoglobin level fell, became ortho- 
chromic macrocytic. It was tempting to classify the cases from the beginning 
on their general picture and response to treatment, but as this method involved 
too many arbitrary decisions we decided to classify them at first on their 
initial count. 


In Graph 1 we have plotted our cases according to the degree of anemia and 
the haemoglobin content of the corpuscles. Though they do not fall quite so easily 
into groups, as did the cases in the previous series, if we adopt the same criterion 
for hypochrdmicity, namely below 22 yy, and a slightly higher level than in ‘the 
previous senes for hyperchromicity, 32 yy. the cases seem to fall into three 
groups, the fourth group (of our previous senes), the slightly-ansmic hyperchromic 
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group, having automatically disappeared in this series as the standard for 
anoemia was higher. 

Graph 1. 



Showing the haemoglobin in grammes per 100 c.c. of blood and the mean 
corpuscular haemoglobin of the cases in this series. 

The line at 22 yy divides the hypochromic from the orthochromic. 

The arrows indicate the redistribution that we made on the response to treatment. 

With reference to mean corpuscular volume, in view of the slight uncertainty 
about the measurements, referred to above, we have given this a secon 
place, in the classification, but have adopted two arbitrary levels at 75 cu. ^ 

105 cu. yx ; below the former, cells are considered to be microcytic, and above 
latter, macrocytic, those between being considered normocytic. 

Provisional classification . — ^The cases in this series thus fall into three groups 
as follows ; — 

A. Hypochromic . — There are in this group 26 cases : of these 7 are 
cytic, 18 are normocytic and 1 macrocytic; of these 26 cases, (G 16 (6 microcy > 
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9 normocytic, 1 macrocytic) received iron only and responded to the treatment 
in varying degrees, (5) 5 (1 microcytic) had iron onty and did not respond, (5) 4 
(all normocytic) had mixed treatment and responded to treatment in varying 
degrees, and (4) 1 (normocj'tic) had mixed treatment and died. 

B. Ortliochromic. — This group consisted of 28 cases, {1) of these 18 (4 macro- 
cytic and 14 normocytic) responded to treatment in varying degrees, (~0 7 died 
(6 normocytic and 1 macrocytic), and (8) 2 (both normocytic) did not respond 
to mixed treatment, and 1 received no treatment. 

C. Hijperchiomic. — The three hyperchromic cases 'vvore all macrocytic, and 
all responded to treatment with liver extract. 


Response to treatment. 


In all cases the treatment nas given under the instruction of Dr. Eraser, 
INIedical Officer In-Charge of the hospital and the group of gardens. The treatment 
given was that usually given in the hospital, but Dr. Fraser very kindly agreed to 
give one ‘hcematinic’ at a time, so that the effect could be seen. He was 
naturally guided to some extent by our hsematological findings, which of course 
were placed at his disposal, but as far as possible he met our request that either 
iron or Marmite should be given first, except in cases in w'hich a liver preparation 
seemed to be indicated clearly, for example, in the cases of severe anaemia when 
it was known from our examination that this was not markedly microcytic, and 
in the macrocytic cases. 

Iron was given in the form of ferrous sulphate tablets, in doses of (6 X 3 =) 
1 8 grains a day in most cases, but in a few (6x4=) 24 grains a day were given. 
(One tablet contained 6 grains of dry ferrous sulphate and a trace of copper and 
manganese.) 

The usual dose of Marmite was 2 drachms three times a day : this was the 
maximum dose that the patients could be induced to take in most instances. 

The only form of liver therapy employed was Campolon intramuscularly : the 
usual dose was 2 c.c. daily, and it was normally continued for 10 days in the first 
instance. In a few cases 4 c.c. were given daily at first, or for the whole 10 days, 
but in the following notes, unless otherwise stated, 2 c.c. was the daily dose. 

Blood transfusion after ‘ grouping ’ the bloods of the patient and donor — 
always a close relative — was performed in five cases. It was usually adopted in 
extreme cases as a life-saving measure and always in conjunction with other 
treatment. _No specific action of blood transfusion was noted, but it undoubtedly 
helped to tide some patients over a critical period. Of the transfused patients 
two died. ^ 


On tea-estate standards the hospital is a very good one, but of course there are 
no nurses and the patients depend for nursing and feeding on their relatives and 
inends, who are permitted to stay with them. 

The diet itself is provided by the hospital and is a better one than the coolies 
normally take in their homes. 

A 1. Hypochromic cases.— Of the 16 cases in which only iron was given and 
there was response to treatment, (a) 9 had a moderate anaemia and an initial 
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htemoglobin level above 5'5 g. Of these (/) 8 were ante-partiim (cases 9, 13, 
22, 24, 25, 38, 41, and 54) and (a) 1 (case 10) post-partmn. 


Graph 2. 


Graph 3. 
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(i) Three had a reticulocyte response of 7 per cent or more, two others a 
definite response of a lower grade, and three no response at all. 
In six the MCH rose to above 22 yy, but the other two remained 
hypochromic. The MCV rose in all, but only one microcytic case 
became macrocytic temporarily, and one normocytic became 
macrocytic at the time of discharge. 

{ii) The post-partum case (10) had no reticulocyte response, but the 
hajmoglobin rose to normal rapidly and the MCH and MOV 
increased to the orthochromic normocytic level. Four months later 
her hemoglobin had increased further to 11-0 g., but she was again 
hj^ochromic and was now microcytic : she had a heavy hookworm 
infection. 


Graph 6. 



In the eight ante-partum cases of moderate anemia the response to iron 
treatment was usually sub-maximal and without or with only a low r^ticulo- 
cytosis-, the inhibitory effect of the foetus was apparent {see Graphs 2, 3, 4, 
and 5— cases 9, 24, 25, and 41, respectively). But in the post-partum case the 
progress was rapid and maintained despite a heavy hookworm infection, the 
effect of which is shown in the hypochromicity. ’ 

{b) Seven cases had more severe ansemia ; {i) of these three were ante-partum 
and (ii) four post-partum. ^ ’ 

. . 7).— A primipara in the third month of pregnancy (H = 3-6 e MCV = 71 Wfur _ 

'"f there rvas a sharp reticulocyte responae on the fifth’ day to 11 cenr. 

after three weeks of iron treatment the bremogiobm had risen to 8-53 g., the MCV to 97 cn, ^ and MCH 
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to 26'1 yy : slio waa tlicn (liscliargctl niul two inoiitha later the hiemoglobin had fallen slightly to 8'Og. 
She had a heavy hookworm iiifectiou. 

CiRAPIl 7. 




4- AMS 


Case 35 {Graph 8). — primipara (H 
iron treatment, but with little reticulocyte response. 


3-0 g., MCV = 86, MCH = 18-9). She improved on 
After delivery the improvement was maintain 


Graph 8. 
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Case 37 (Graph 9) (H == 5-6 g., IICV = 62, MCH == I6-G).— She improved slightly when 
iron was given and tlie MCH increased but there was no reticulocyte response. After delivery 
there was further improvement and three months later the hccmoglobin was 10 6 g. and the MCH 
23-2 yy. 

These three are typical cases of iron-deficiency antemia. In the first 
the foetus was small and the response was maximal, but in the second the 
hcemoglobin and the mean corpuscular limmoglobin increased, but without 
any reticulocyte response, and in the third case the limiting influence of the 
full-term feetus was apparent and there was little improvement until after 
delivery. 

(ii) Post-parlum. — ^Thiee of these four cases came under observation one 
weeh after delivery. 

Case 43 {Graph 10) (H = 4-5 g., MCV = 89, JICH = 21-1).— There was a distinct reticulocyte 
response {11-2 per cent on the fifth d.ay) to iron and the hmmoglobin rose to 8-26 g. in three weeks, but 
there was no change in the MCH. 

Graph 9 . Graph 10 . 




Case 53 (H _ fSg., MCV = 75, MCH = 19-5).— The hemoglobin rose to 7-2 g. after 
to"V-5^ wonth s iron treatment, but there was little reticulocyte response and the MCH rose only 

56 (H == 3-85 g., MCV = 81, MCH = 19-0). — ^There was a sharp reticulocyte reaoonse 
(lO-S percentonsixthday) to iron and a rise in hemoglobin and MCH (to 25-2 vy) whmh w-as not 
maintained as there was evidence of sepsis, but later the hemoglobin improved again. 

The fourth patient (case S—Graph 11) (H = 2-9 g. MCV = 107 srOH ~ oi-n a 

observation four days after abortion (sixth Unth), bft L had bee’a^aing kon fo^five days^ 
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The reticulocytca wero 13-0 j)cr cent. TIio inunioglubin roso to 8'5 g. witliin a month. Four months 
Inter it was 12-o g. unU the aiitl .MCil S'J cu. n and 20- 1 yy, rodgectively. 


OltAI‘11 11. 



Case 3. 


In the first three cases of this last group [A 1 (Z»)(w)] the improvemeu^ 
appears to have been due to the iron and not to the delivery, but in the last i 
might have been due to either. 

A 2. Hypochromic cases, failures, and deaths . — Of the former, four severe 
ante-partum cases (12, 27, 32, and 34) were all microcytic, or below 80 cu. h, 
all were in the last trimester, and were under iron treatment for at leM a 
month. None showed any response and all remained hypochromic, 
had any serious clinical complications to account for the failure of response 
treatment. 

One was hypochlorhydric, one showed normal gastric acidity, and one ^'^s 
hyperchlorhydric. The indirect van den Bergh was negative in all four. ^ 
showed a slight reticulocytosis at one time or another. Two had palpable sp een... 
All had a hookworm infection, but none a heavy one. 

Three had uncomplicated labours and subsequent examinations showed either 
a lower level of hsemoglobin or no change. 
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One failure was a two-montbs’ post-partuiu (five-months’ abortion) (case 33). 
She was a uormocytic case at first, but later the cell became microcytic. She 
received iron for about a month without improvement. She was febrile and a 
purulent discharge was coming from the uterus : carcinoma was suspected. 

The details of the patient who died are given below ; — 

Casa Post-vaTtott (K = 3-0 g., 5IGV = 82, XtCH. = 20-7\. Latec, the ilOV rose to 122 
cu ;i. There was no response to iron, but to Campolon, two courses of 10 doses each of 2 o.em., there 
was a slight reticulocyte response but no improvemeijt in the red count until a little time before death 
when it rose in a most unaccountable manner. She had chronic intractable dysentery which showed 
-no signs of improvement even to the end. 

A 3. Hypochromic cases with mixed treatment . — There were four in this group. 

Case 20 (Graph 12 ).— Ante-partuui (H = 3-7 g., MGV = S3, 5IGH = 21-8). Delivery occurred 
the dav after admission. Fourteen days of iron made no appreciable difference to the hsemoglobin, 
but the 5ICH and MCV rose. Then Slarmito was given, and there was a sharp retioulocytosis 
to 15 per cent, a steady rise in hiemoglobin from -l-S to 7--i in 11 days, and a fall in MCH to 
20 vy again. Improvement continued after discharge. 


Graph 12. 



Arrow indicates delivery of a live child. JI = Marmile. 


/ 


IBMAS 


fusion -aas gwen and then Campolon, four days after which abortion (fifth month) occurred There 
was no immediate response but 10 days later there was a reticulocyte ris“r 5-5 pe7cfnt.. and 
J, MR 
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a shiirp hrumoglobiti ri.so which 
and MCll incnnwhilo full 


ccmtinuud until it reiicliud 10-7 g. three months later: the MOV 


C4uaph 13, 



Case 44 {Graph 14). — Post-partuiu (II = 3-0 g., MCV = 90 MCH = 20'9). Deliver)’ had 

12 days had no effeet.’ Transfusion and Campolon for 
there harf* hppn ^ 1 * recovery in hsemoglobia and the appearance of a few reticulocytes wlier® 
6 fc for T followed by a fall in liajinoglobin and .AIQH. Campolon 

the foiwtl, rlnt I produeed a sharp reticnlocytc rise to 15 per cent on 

tne lourth day and a steady rise m hmmoglobju. 


Graph 14. 



CasE 44. 
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Case r,2 (Chnph 15).-Ante.p^rtum (H = 2-1 p., -MOV = 104, MCH - 21-7). There wa. no 
response to Campoion for eight days, but two days alter iron was coimneiRed deln ery occurred. On 
the^seventh d.ay of iron the reticulocytes had riaen to 6-3 per cent and the luemoglohm rose steadily. 


Gr.^i'h id. 



Arron indicates delivery of a dead child. 


Thus, of the four cases, case 20 undoubtedly responded to Mamiite, 
cases 36 and 52 (Graphs 13 and 15) improved after delivery, in one Campoion 
and in the other iron being the principal hsematinic factor, and in case 44 
(Graph 14) a febrile attack appears to have prevented improvement, but 
eventually large doses of Campoion determined the litematological and clinical 
improvement. 

Discussion on the hypochromic yrowp. — ^Thus, in 16 cases in which iron only 
was given, there is evidence that they were all suffering from iron deficiency and 
in most of them the response was such that it pointed to iron as the main 
deficiency. Only in early pregnancy (case 26) was the response to iron 
maximal and comparable to that we have usually seen in the non-pregnant 
iron-deficient coolies. The presence of a well-developed feetus seemed to slow 
down the response to treatment in nearly all cases, and when iron was given 
late in pregnancy, that is. immediately before delivery, improvement was 
often delayed until the uterus was empty. 

In the hypochromic group, there were two cases in which the evidence 
points to Campoion and one in which it points to Marmite as the ‘ hsematinics ’ 
determining improvement. But all these were only just in the hypochromic 
class at the first examination and on subsequent examinations they would 
have been classed as oithoohromic, normocytic or even macrocytic. 
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Four of the ‘ failures ’ received iron only and therefore one cannot say 
definitely that they would not have improved on Campolon administration, but 
they were all very definitely and persistently hypochromic and often microcytic, 
and it seems very improbable that they would have improved on liver therapy. 
The other failure and the patient that died had complications. 


B 1. Oiihochromic gioup . — Out of the 18 cases in this group in which there 
was response to treatment, four were macrocytic and 14 normocytic ; three cases 
were post-partum and 15 ante-partum, but in 10 of the latter delivery occurred 
whilst the patient was under observation. 


In nearly all these cases more than one hreiuatinic ■was given, and in the 
great majority either iron or Marmite w’as given for a time and the liver 
treatment reserved for wdien they did not respond or re.sponded slowly to these 
medicaments. 


These 18 cases can be divided according to the main factor in the 
response to treatment as follows : — 



Macrocytic. 

Normocytic. 

Ante-partum. 

A. and P. 
partum. 

Post-partum. 

(a) Campolon, 8 cases . . 

3 

5 

2 

4 

2 

(6) Marmite, 5 „ 

0 

5 

3 

2 

•• 

(c) Iron, 3 „ 

•• 

3 

•• 

2 

1 

{d) Doubtful, 2 ,, 

1 

1 

•• 

2 

• • 

Total . . 18 „ 

4 

14 

5 

10 

3 


to 


Liver treatment {Campolon ). — This was given in adequate doses in 12 cas 
(a)— 8, {b)—l, (c)— 2, and (d)— 1. In the following eight cases it appeare 
have a definite beneficial effect : — 

Case 1 {Graph 16). — Post-partum (H = 5-2 g., MOV = 86, MCK = J!L*^nWobin : "'h** 

caused a rise in the MCH to 32 yy, a slight reticulocyte response, but a mil m r. “^njon (3 e.c. 
'Marmite for 12 days the htemoglobin fell fSrther to 2-2 g. and the MCH fell to 26 yy : Campojo v 
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X - + 2 c.c. X 15) was followed by a sharp reticulocyte reaotioa of 18 per cent on the fourth day 
and a rapid rise of haamoglobin to 10 g. in 23 days. 

Graph 16. 



Case 7 tfirapk 17). — Ante-partura (H = 3'85 g., MOV = 102, MCH = 26-7). Marmite was 
given for a fortnight and then a dose of Campolon after which abortion occurred, meanwhile the 

Graph 17. 
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hajiuoglobiii iiad I'allen to 2’(} g. No troattneiit was givi'ii (dr 4I ucuk during which period the hsmo- 
glohiii rcmainctl stationary : then live tloscs of Cainpolon were given and on the fifth day there was a 
reticulocyte rcspojise of jier cent and a sharp rise in hieinoglohin which was followed by a further 
rise to 7'0 g. eleven days later, after another five injections of ('ainpolon. The Inemoglohin then remained 
stationary for a week and iron was given. This was followed l>y a further rise in hminoglobin and a 
slight reticulocyte rcsi)on»e to o per cent. The Mf’H rose after delivery to 33 yy but fell to 23 jy 
after the second course of liver. 

Case S (Graph 18).— .Vnte-partnni (11 =- «-3 g.. ^^C\' lO.'i, .MCH = ^O-S). JIarmjte for three 
weeks and iron for one week caused no reticulocyte re.iponse or rise of hreinoglobin which was now 
dow'u to 3‘S g. Abortion occurred followed by .sepsis and fever and a further fall to 34 g. Cainpolon 
was given for 10 days aiul again after an interval of another 10 days : there was a delayed rise after 
the first course which was maintained until S-2 g. was reached on discharge. Two and a half nionths 
later the Inumoglobin had reached 10‘3 g. The reticulocyte count was irregular, hut the MCH fell 
on Jlarmito administration, ro.se again when iron was given, fell to below 22 yy during the li'Ci 
administration and finally' rose to 2-1 yy when thi‘ Inemoulobin had leaehed 10 granmie.':. 


Giiaph 18. 



Case 8. 

Arrow indicates aboition. 


Case 30 (Graph 19).— Ante-partum (H = 4'o3 g., MOV = 106, JMCH = 29-2). ‘inicd 

given for 16 days : there was first a fall to 3-3 g. and then a recovery in the hoemogloom ((30 

by a sharp reticulocyte response, 11 per cent. How'ever, as the cell was definitely p'^,ipward 
cu. p and 344 yy) Campolon was given for 10 day's. The luemoglobin curve took a s but 

turn but there was no further reticulocyte rise. Iron was given now as the cell size na , 
there was little evidence that this had any effect though there w'as a reappearance 01 ^ . baVin^ 
The patient was discharged at 8'3 g., and three months later was 11 g-> partur 
occurred meanwhile. 
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Graph 19. 




/■<tW 


Case 31 (Orapk 20). — Ante-partum (H = o’9 g., MCV = 103, ilCH = 31-7). The hieuioglobin 
fell to 2'75 g. after IS days' Marmito administration during wliioh time delivery occurred. A week 


Ctbaph 20. 



.Arrow indicates deliveiy of a lire child. 
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reaction and from this timo tlichKomo-dolIin ro^o b\ reticulocyte 

to 10-5 g. Iron was "iven for tl..v , . ““<1 eventually 

n slight rise in reticulocytes to t per cent ’ "" I'^L-moglobin curve, but caused 

diatcb^aftS dd7vcfv“ifc/ =“ -‘Emitted imnie- 

given for 10 days. ' This nroduced . ‘[“"f*"-'''"'' (-<^0 f.c.) was given. Campolon (2 c.c.) was 

immediate rise in luemo-dobin • them ''•.■•'‘Pon.se of l(i percent on the fifth day, but no 

the nineteenth. Iron was a v^n r «• «» twelfth day and to 7-0 g. on 

there was no reticulocvto rc.sponse!'^ ^ ‘I'irmg which the lucmoglobin continued to rise, but 

*^'*to-partum .-i.vth month of picmancv ill = 2'75 MOV =107, 
of 10 per cent and*iWc°adv rTf"''*’'*? *i*'*^ ‘^ ‘ ^“lioued by a sharp reticulocyte reaction 


Graph 21. 



Graph 22. 



fpii (H = 5-1 g., MOV =92, MCH = 25-3). The htemoglobin 

course of Camnolo^wn^^t treatment. Parturition then occurred. Two days later a 10-day 

cent and the ? i, T sharp reticulocytosis of 14 per 

of the ir^po^on adS^straSn ® S’’"”””"® commencement 

Again there seems little doubt of the sub-maximal effect of Marmite, the 
greater effect of Campolon, and the doubtful subsidiary effect of iron. 

• given in all these eight cases : it had a possible slight effect 

in ree an none in the rest. Marmite was given in five cases and had 
a possible shght effect in two but none in the rest. 

Murmfie.— In the_M^^ oases Marmite appears to have been 'the 

main factor in determining improvement. 
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Case 50. 

Arrow indicatea delivery of a dead child. 


Ctwe 11 (Graph 2A).— Ante-i:artum (H == 4-68 g., MCV = 103, _ MCH = 31-6). Before delivery 
Campoloa tvas given for eight days and iron for six : there was a fall in hoemoglobin to 3-5 g. ; at this 
level it remained for a fortnight in the middle of which time she was delivered of a live baby. 


Graph 24. 



Case 11. 

Arrow indicates delivery of a live child. 
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Marmito was tlicn nivcai ft)r a iniHith iiiul tliuri' wiuh a aliiirp ruticiilocyte rise (I'o per cent) and 
II steady increase in liieinoi'Iobin to l)"2 f*. Tlireo months later the hajmoglobin had fallen to 
just below 8 f'ramines. The si/.o of the cell which at tho time of delivery reached the macrocytic 
hyperchroinic level fell steadily and became microcytic hypoehromie. 

In this case the inhibitory elTect of the fcctus prevented the liver and/or iron 
from taking effect, and i\rannite undoubtedly accelerated the recoveiy, but this 
was not maintained on account of an underlying iron deficiency. The patient 
had a heavy liookworm infection. 

Ca^c 19 (f/myi/i .Ante partum {H-=:J-0 g.. .MCV -103, .MCH = 25-9). llarmite was 

given for 14 days : there wa.s a .sharp reticulocyte response of 10 per cent on the eighth day, an improve- 
ment in the hiemoglobin to 4-2 g., and a fall'in the MC\' and in the JICII which eventually readied 
21 yy. The hiemoijlobin fell when Marmitc was tliscontinued. Iron for 12 day.s had no effect, but then 
parturition occurred. There was a slight retieiiloeytc rise seven days later and a steady rise m 
hamiOKlobin to 8-2 grammes within three wcek.s. Three month - l.itcr it was 9-0 g. 


Gn.tPH 25. 



Case 19. 

Arrow indicatc.s delivery of a live child. 


The effect of Marmite in thi.s case seems not to have been great and on y 
rary, but to have been definite, as it was threefold on the hsemoglobiHj on 
of the cell and on the reticulocytes. After the Maimite had been takep jjjjjjbjtory 
was hypochromic throughout, except on the day of delivery : tne i 
influence of the foetus was clearly’^ shown in this case. 
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Cnsc 42 (amjj/i 20 ).— Ante-partum (H = 6-b g., MCN = 8u, MCH = -4 4). Marmite 
proOuccO a slight reticulocyte response. 4 per cent, on tUo seventh day and a nse of haemoglobin to 
7-7 e in a fortnicht. but there was no further rise during the next week and iron was substituted : 
there was another slight reticulocyte response. 4-5 per cent, and a slight further rise of haemoglobin to 
2-3 g but this rise wSs not maintained. Two months later (delivery having occurred in the interval) 
the hmnioglobin iv.as 11 -fi g., n high figure for her class. 


UllAVH 26 . 



Agaia the inhibitoiy efiect of the foetus is evident : the effect of Maimite tvas 
small but undoubted, and there is a suggestion that iron was also effective. 

Cose 23 {Graph 27). — Ante-partum throughout observation (H = 6-6 g., MCV = 85 JICH = 
22-8). Marmite was given for sis weeks. There was a sharp reticulocyt’osis (11 per centl on 
the seventh day, and a rise in hiEnioglobin to 7-4 g., but this level was not maintained and at the 
end of treatment was only 7-2 g. After discontiimanee of the Jlarmite the level fell to 5-5 o- 
just before delivery. The MCll was almost constant throughout but once fell into the hvpochromio 


The undoubted but weak action of Maimite in the presence of the fcetu.s is 
shown here. In view of the small size of the cell it seems probable that iron 
deficiency was an important factor. 
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Case 40 (Graph 28). — Antc-partum throughout observation (H = G'O g., MC7 = 
24 ’2). lilarmite only was given for four weeks : improvement was slow but steady, the 
being 8'4 g. ; there was a slight reticulocyte response on the seventh cla}'. 


Graph 28. 



In these tive ante-jjaiLum ca.ses the undoubted but sub-maximal 
Marmite in the presence of a well-developed foetus, and in case 11 


96, MCH = 
final reading 


effect of 
the rapid 
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iuiprovemeufc wlieu tlie uterus had been emptied are clearly shown. In two there 
is also evidence of response to iron as well. 

Iron . — There were three eases in which iron appears to have been the 
important factor in determining improvement. 

Case 6.— Ante-partuui (H = 3-86 g., MOV = 97, MCH = 26--1). non was given for eight days 
before and 21 days after parturition. There was a reticulocyte rise to 8 per cent on the seventh day of 
the second course. The MCH fell to 17-3 after parturition, but later recovered to 22 yy. After the 
reticulocyte rise the haimoglobin rose to 5‘o g. but would go no higher until Marmite was given for 
three weeks when it rose further to GAg. and the MCH again fell to 20 >y. Three months later the 
hemoglobin was 6'3 g. and MCH 19 yy. 

This was apparently a h}rpochromic iron-deficiency anaemia disguised by an 
ante-partum rise in the MCH ; she had a very heavy hookworm infection 
{31,400 eggs per gramme of stool) which probably persisted and maintained 
the antemia. There was slight evidence of the effect of Marmite. 

Case 16 (Graph 29). — Post-partum (H = 4’26 g., MCV = 82, MCH = 26-8). There was a 
further fall of h:emogIobin to 2A8 g., possibly duo to poat-partum h^raorrbage. 


Graph 29. 



s®'^®ath day there was a sharp reticulocyte response to 14 ner 
cent accompamed by a rapid nse m hsemoglobin to 6-8 g. in three weeks Cimnnlnn wo » in a ^ 
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treatment'with'T^^ -'ICH - 23-3). During a week’s 

for livo weeks. Tliere wu.s iio 'f' to 22 ». Iron was given 

retieiiloevte responiso to D'-o per eent^imri ll'*’ *”'i the third there was a sharp 

end of tho fourth week of iron 'I’ho \ff’ f ^ i ^'“-'""'.~h> uii l•omnlen(■ed to rise, reaching 6-5 g. at the 
up to tho time of do iverv ;,1 I "T’ »• ‘1>‘= hremoglohin feU again 

after delivery tho InernogUln ro^ grlnuu'e;'"" 


CJit.u'ii :j(). 


M frA ^ /■ 



Cask -15. 

Arrow' indicates delivery of a live child. 


This was evidently a case of iron-cleficiencv anannia in which the effect of iron 
was delayed and limited by the presence of a fnll-term foetus. Also it is really a , 
} poc romic case which chance had placed in the orthochromic class. 

Doubtful cases.— These were two cases in which it seems doubtful what was tlie 
cause of the improvement, but in both delivery played some part. 


r ^ (Graph ‘i\). — Ante-partum (H = 4-3 <t. MOV =115 AlPH = ‘tl-Sl Iron 

fn'h®moIfoWn untiflfr^^' '^7 ■I'®'’® "'f sharp reticulocyte response to 17 per cent, but no incrc^'^ 
anSease in ^hen there was another sharp reticuIoSyte rise to 16 per c nh 

gT™rM«;sy *- 


,, yiiere IS evid^ce of iron deficiency, but other factors were too strong to al 
the iron its full effect, these included a heavy hookworm infection. Whether 
three Campolon injections produced the second reticulocytosis or whether t 
was due to the withdrawal of inhibition at parturition is not clear. It is a gr 
pity the case was not followed longer. 
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Graph 31. 



Arrow iadicates delivery of a live child. 

Case 48 {Graph 32).— Aiito-partum (H = 0-2 g., MOV = 93, MCH = 28-9). Iron was given for 
four weeks during which parturition occurred : there was a 10 per cent reticuloeytosis 14 days after 
iron was commenced and seven days after parturition. The ha:moglobin fell to 4'2 g. during 
parturition, then rose again to 6'2 g., but stopped there for a week: later Campoloii was given for 
a week and there was a further rise of haiuoglobin to C"9 g., but no reticuloeytosis. 


Graph 32. 



Arrow indicates delivery of a live child. 

This was probably a mixed deficiency which required more Campolon but the 
patient was not followed long enough. 
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Thus, it’ \vc leiive out of consideration the hist two cases in which the iuterpie- 
tation seems very douhtful, of the 1(1 orthocliroinic cases in 13 the Marmite-Campolon 
factor appears to have determined imjirovcment. The effect of Marmite by moutli 
is very clearly weaker than Campolon hy the [larcnteral route and in the presence 
of the fcetus its effect was suh-maxunal. This inhibitory effect of the foetus was 
noticeable, thouf'h it was nor .so marked, even when Campolon was given, and the 
best responses occurred when the uterus was empty. 

The other three cases in this orthocliroinic group showed evidence of iron 
being the main deficiency, but here again the inhibitory influence of the foetus 
was seen. 

G. Huperchromic tiroiip. — There are three cases in this group ; all are macro- 
cytic and all post-par turn. 

Case. 17 (Graph 33). — Abortion (.six nionths) iininecliiitcly prior to admission (H = 19 g'j 
;MCV = 158, ^ICH = 35). Campolon was given on admission, 10 doaes of 2 c.c. with ^ 

of four days in middle of course. The rise in luemoglobin was immediate and very rapid, but 
only a reticulocyte rise to 5 per cent. Iron given later seemed to cause a further rise m ^mog 
with a reticuloc3’te rise to 9 per cent. Meanwhile, the MCH fell to normal. The hsemoglobinrea 
10 g. in five weeks and three months later had readied 12 g. 


Gkaph 33. 



Case 17. 

"vrCH ^ 35‘<)' 

Case 2 (Graph 34). — Immediately post-partum (H = 2-75 g., s a very shaiP 

Campolon, 4 c.c. daily for 10 days, was given a few days after admission and tn ■jirj.jjnjte was tb<u 
reticulocytosis (to 28 per cent) on the sixth day, and a rapid rise of hmmoglobm. to 81 cu. P' 

given but the rise was not maintained and meanwhile the MCH fell to 21-3 yy and i 
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Iron was then given and again the htemoglobin rose but without any reticulocyte response. The 
MCH also rose to 25''t yy. 

Graph 34. 
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Case 55 (Graph 35).— Post-partum (six days) (H = 2-3 g., JICV = 145, IICH = 39). After a 
further slight fall in hremoglobin, Campolon caused a steady rise of 4 g. in three weeks, but without 
appreciable reticulocyte response. The JCCH also fell to 25-6 yy. The ca.se was not followed further. 


6R.A.PH 35. 
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Jn Gilcll of tllCSG 

tlie aixseiice of any inhibitin'^ iVftuV^ " response to Campolonin 

the improvement. ^ ^ »I‘So tlicre i.s a suggestion that iron helped 

iron deficiency bein'^MUirek^l.lVm^^^ff ‘^^■•nn])le of mixed deficiency, an underlying 
cleficiency and tl.e e he m a ri important ^lannite-liver-fnctor- 

eiaorhydJia and a her^h^Sln h 

immediately after paidarithllf^^rtll 'i^’' P^.*^imits died. Of these, six died 
were ]-5J n., o-Tu (r., o-To '> o.yr „ •{•wr 'mmoglobin estimations in these sLx cases 
cases 4, 21, and 51 Ind^min ‘‘“‘i ii'il i-'-, respectively. Three patients, 

between a fortni'di't ami thiPA _ The other three were in hospital 

former, one (case°57) h irl -i iron and one Marnnte: of the 

two days as malignant terf-Ion **‘*^'^1* ‘^i^imr (case 18) Atebrin for 

was i). The i^farmite case foS wh' ""l 

response, 14-5 per cent on H.i’ ^ ^ macrocytic, liad a sharp retieuloci’te 
sharply. ^ thirteenth day. and the MOV ami MCH fell 

delivS S'^rstm-KrchilT!^^^ thi^ "" !? 

and had been anannic since Mie month, two months previously, 

and iron for 12 davr ?rnl,-r r ^ Campolon, three closes, 5 c.c. and 2 c.c., 
there was To respZ’ and st" ^ transfusions but 

Latterly, the anmmia wn <5 mo . ^^^mediately after the second transfusion, 
examination. and the Inemoglohin was 2 ‘3 g. at the last 

me./'"’ .^‘‘*"'■*-1'' ‘'™ ortlioohromic cases there .vns no response to treat- 

in a slight fall in haemoglobin and a disHifi?! iT ~ 23-5). Hrannito for three weeks resulteil 

weeks : this caused a sltht reticiiIooA-f * ^^low 20 yy. Iron was given for three 

the original level, and a fhght rise in MCH a rise in haemoglobin by 1 gramme *o 

was given for 10 days, and on the sixth was only temporary. Finally, Campolon 

patient was allowed to go home with Immn 7 i occurred but there was no improvement and th 

definitely hypochromic micro“ytrc case ® " MOV = 71-4 cu. p, MCH = 17-4 >y, now a 

she condition to account for the failure: 

Case 39. JnteTarLm lfr!f 

a£dewt' effeS KrmfgllntaTfall^^^^^^ f "moS ' 

observation normocytic case (58) no treatment was given during 

op classification. 

let us first consider fhe results of treatment generally, 

1 we can improve on our classification of cases on 
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a treatmci\t basis. A weakness in any argument tiiat we base on our results is the 
fact that Cainpolon was only given in a very few of the hypochromic cases. We 
Icnow from experience that in tlie definitely hypochromic case of ancemia Cainpolon 
is seldom of much value, but we are by no means satisfied that in these particular 
cases it would have been entirely without action. However, the evidence that 
we have before us suggests that in 17 hypocliromic cases and three orthochromic 
cases iron was the major deficiency, and that in the three hyperchromic, 13 
orthochromic and three hypochromic cases the main deficiency was the liver-Marmite 
factor. The original classification was made on the first count only, but, if the 
subsequent examinations are taken into consideration, it will be seen that it is 
quite justifiable on hsematological grounds alone to modify the original classification 
and to transfer the three initially-orthochromic iron-responding cases to the hypo- 
chromic class and the three hypochromic Campolon-responding cases to the 
orthochromic class (see Graph 1). Therefore, for analysis of the other limmatologi- 
ca! and the aitiological data this reclas.sification has been made. 

Summing up, therefore, we can now say of the 39 patients who improved on 
treatment that the main deficiency in the 20 pmlmninanily hypochromic cases 
was iron, and in the 10 j)reflam)inulli/ hyperchromic or orthochromic cases it was 
the liver-Marmite factor. 


The deaths and failures . — The question then arises as to whether we should 
not take into consideration our deaths and failures. The patients who died were 
all but one in the orthocbromic group : eitlier they died at paituiition before 
treatment had had time to effect improvement, or the treatment had been mixed, 
lioth iron and Campolon, and had failed, so that they cannot be placed with any 
certainty into either class. 


Similarly with the failures, as we have already pointed out, in four of the 
hypochromic — all extremely hypochromic — ^failures only iron was given. We might 
take the view that their failure to react to iron disqualifies them for the iron- 
deficiency class, but there may be some undiscovered reason why in these cases 
the iron is not being absorbed and/or utilized. These extremely hypochromic 
cases that do not react to iron at first are not new to us ; they are usually very 
obstinate but eventually show some improvement after a long stay in hospital. 
When, however, they are persistently hypochromic they do not react to liver 
therapy. In the fifth hypochromic case both iron and Campolon were equally 
ineffective. One of the orthochromic failures was a very unsatisfactory case in 
that there was severe sepsis; in the other, both iron and Campolon were given. 
.Again, therefore we cannot group these cases .satisfactorily. 


Alternative classifications . — ^Tlie characteristic blood picture of the case of 
anaemia that reacts to liver therapy is hyperchromic (and macrocytic), and in 
taking the dividing line at 32 yy we have certainly not placed it too limh nid«in<^ 
by ordinary standards (the noimal mean MCH 29 yy), but, as the population 
is not a normal one, we did consider the possibility of taking a lower dividnm line 
There is. Imwever, nothing to be gained by doing this, as it would have to be lowered 

niany more cases into the hyperchromic class, and. 
in addition to the three hypochromic cases, other cases with a very low MCH e g 
case 46, responded well to liver therapy. ^ 
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A"aiu, tlio chavactoristic l)loo(l picture of iron-deficiency anocmiaisliypochromic 
(and microcytic) : we have talcen the dividin;^ line at 22 yy. This is low on the 
usual standards, the normal ran"e being from about 24 to 32, but it is high 
on the standards of this i)opnlation (ilCTI = 23-4 ± 3-1 yy). If we lowered our 
ilividing lino to the 20 yy level, we should certainly exclude all the liver-reacting 
hypochromic cases, but ir woultl also exclude a number of others that were 
definitely iron deficient, so again there is nothing to be gained by making this 
adjustment. 


We then considered taking one of the other hoematological values as our 
criterion. We tabulated the initial mean cell volumes for the iron and the liver- 
hlarmite groups, re.spectively, and found that the mean in the former was 81'1 cu. 
jx and in the latter ]02'(5 cu. m, but there was a good deal of overlapping: in the 
iron group there were six cases with a higher I\ICV than the lowest (84 cu. n) of the 
liver group and two of these were above 1(U) cu. /x. so that no clearer line o 
distinction would be obtained by taking size rather than htemoglobin conten 
in this series, as we had already tentatively decided. 

It seemed scarcely likely that the haemoglobin concentration^ would assist 
us much, but we tabulated tliis, and found the mean MCHC of the iron group o 
be 24'5G per cent against 27-26 per cent for the liver group. The difference 
statistically significant, but here there is even more overlapping, it is obvio 
that this value would give little assistance in classification, and it 
probable that our choice of the MCH for this purpose was the best m 
circumstances. 

Conclusion . — After considering the advisability of re-adjusting 
for hypo- and hyperchromia and the possibility of basing our classifica i 
on other haematological values, we have decided to adopt, for 
this inquiry, a reclassification based on response to treatment, a classinca^^_^^^ 
which is in keeping with the general hsematological picture and w 
only necessitates a slight re-arrangement from the provisional grouping 
our cases. 

Thus, we have divided our cases on both hmmatological and therapeutic , 
into two groups, the predominantly hypochromic that react to iron 
(subsequently called the iron group) and the predominantly 
hyperchromic that react to liver or Marmite (subsequently called the 
Marmite or liver group). As the deaths and failures camiot be fit e^^^ 
certainty into either of these groups, we have decided to leave them o 
consideration, or to classify them separately in our subsequent analyses • 
this unclassified group we will include the two doubtful cases (5 and J 
the patient wdio received no treatment. 


Analysis op other data. 

Age incidence . — The ages given by the patients are very inaccurate, 
most cases the age recorded is an approximate estimate made by 
There is apparently no distinction between the two groups. 
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Tablk II. 



Iron gioup. 

other hypo- 
chromics. 

r 

Liver group. 

Other ortho- 
ehroinics. 

Total. 

Under 20 years . . 

4 

3 

2 

2 

11 

20 but under 25 „ 

G 

2 

5 

> 

6 

19 

25 „ „ 30 .. .. 

4 

•• 

7 

3 

14 

30 ,, ,, 35 

4 

1 

2 

j 

1 

8 

Over 35 „ 

2 

•• 

3 

1 

5 


Previous pregnancies . — These are shown in Table III : — 


Table III. 



Iron group. 

Other hypo- 
chromic cases. 

Liver group. 

other ortho- 
chromic cases. 

Total. 

Prnnigravida 

7 

3 

1 

2 

1 

13 

2ud pregnancy 

2 

1 

1 

3 

10 

3rd 

6 

1 

4 

3 

14 

■tth 

2 

1 

G 

1 

3 

12 

6th „ 

1 

•• 

1 

•• 

2 

6tli 

1 

•• 

1 

1 

3 

7th or 8th pregnancy .. 

1 

•• 

2 

•• 

3 

1 

Total 

20 

6 


12 
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We have unfortunately no figures for non-antemic coolies with which to 
compare these. The table indicates that primigravidte are hable equally with 
those who have had previou.s pregnancies to siifTcr from aneemia, whereas in 
the liver-Marmite deficient group the aiueniia show.s a distinct tendency to occur 
in the later ])rcgnancic.'^. This is not in keeping with our previous experience 
(Napier and Billinioria, loc. cit.), in which four out of eight hyperchromic cases 
were primigravicUe, but we arc in the present scries dealing with slightly laiger 
figures. 

Monlh of pregiKuirji . — The history' regarding the month ot pregnancy nas 
very unsatisfactory' and usually' had to be ignored. 

A rough estimate was made froin the size of the uterus when the piatientnas 
lirst seen. 

The figures, such in, they arc, arc given in Table IV : — 


Taulk IV. 


Approximate month. 

Iron group. 

Other hypo- 
chroinica. 

Liver group. 

Other ortho- 
chrouiics. 

Tout. 

3rd or 4th 

1 

.. . 

. . 

•• 

1 

4tlv „ 0th 


•• 

1 

•• 

1 

5th „ Gth 

•y 

• • 

2 

•• 

4 

6th „ 7th 

4 

3 

6 

2 

15 

7th „ 8th 

0 

1 

3 

6 

16 

8th „ 9th 


1 

1 

3 

5 

Full term 

3 

• • 

1 

1 

5 

Post-partum 

4 

1 

5 


10 

Total 

20 

6 

19 

1 

12 

57 


There is little information to be obtained from this table except tha 


patients came under observation before the sixth month. . 

Malaria and splenic enlargement . — ^The district from wliich tlie 
is a very malarious one and although there has been a considerable mip 



576 


L. E. Napier and D. N. Majumdar. 


siucG auti-larval measures have been installed on a large scale, this infection is still 
a very important one in producing illness amongst these coolies. Actual infections 
were only demonstrated in two cases, hut most of the patients had probably taken 
quinine before admission. One of these patients died during labour and tlie other 
was amongst the successfully-treated iron-deficient cases : the latter had no splenic 
enlargement, and neither had a positive van den Bergh reaction. We may assume 
that all have had malaria at some time or another, the important points being 
how frequently and how they have reacted to this infection. 

There is little kala-azar in this district and this disease was, for all practical 
purposes, excluded in every case of enlarged spleen by the aldehyde test. Other 
causes of splenomegaly, such as leukaemia, were also excluded and the assumption 
is that enlarged spleen was an indication of repeated malarial infectious. ^Ye 
believe that examination to ascertain whether the spleen is enlarged or not will 
give more important information than a most careful inquiry regarding recent 
febrile attacks, or even the examination for parasites in blood (which of course 
^vas done in every instance). 

The splenic enlargement in the two groups and in 50 ‘ normal ’ controls is 
shown in Table V : — 


Table V. 



Troll 

group. 

Liver 

group. 

Total 

aniemics. 

‘ Normal ’ 
controls. 

Not palpable 

10 

3 

13 

35 

Just palpable 

1 5 

3 

8 

11 

■Enlarged 1 inch below costal margin 

2 

1 

3 

3 

„ 2 inches „ 

2 

6 

S 

1 

ii >f if >> if • ' 

•• 

4 

4 


4. 

if * is if if if • • 


1 

1 

. • 

Size not recorded 

1 

1 

2 

• • 


Thus, there was some degree of enlargement in 24 of the 37 cases in which 
the size was noted and in 16 of these the spleen was an inch or more below the 
costal margin. However, the two series differ ‘ significantly ’ from one another, the 
incidence being much higher in the group that reacted to liver and Marmite 
It will be seen from the figures for ‘ normal ’ controls from the same <»enerai 
population that the incidence of enlarged spleen in the ‘ iron deficient ’ group is 
not much greater than that of the general population, whereas the incidence in 
the hver-ilarmite group is distinctly and ‘significantly’ higher; this indicates 
some letiological association between the anseinia of this type on the one hand 
and splenic enlargement and/or malaria on the other. 
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' ^ ^ aliseiiec (»1 ii (.■oloriineter, this test was not done 

quan i a liut \s-e arc accustonual to tlic quantitative technique, wbiclnve 

a\\a}s use \slien in Calcutta, anti the v^ilues ^iiven to the readings are certainly 
appioxiinatcly correct. The ‘ direct ’ van den Heruh was negative in every case, 
the residts ol_ the initial ‘ indirect ’ test are shown in Table YI, together with 
the resvdts in Gt) * nonmd ’ 


IbUlLE VI. 


Result. 

A[i[)roxiiUiito coucviitra- 
tion of bilinibiii in 
iiig. per 100 c.e. 

Iron 

group. 

Liver 

group. 

‘ Normal ’ 
controls. 

Negative 

Leas than 0'.5 {-= 1 unit) 

0 


1 


39 

( + ) .. 

o-r> to l-O 

9 

1 

1 

i 5 

1 

G 

+ .. 

1-0 to 2-0 

9 ] 


7 ^ 


5 

-h-h .. 

2 0 to 3-0 

1 



•> ^ 

1 

- 10 

0 • 


3'0 or over 

J 

1 

iJ 


•• 


The vail deii Bergli was, thus, distinctly ‘ positive ’ in five (or 10 per cent) 
of tire controls, in five (or 25 per cent) of the iron-deficiency cases and m Iv 
(or 53 per cent) of the liver-Marmite group. 

The difference between the controls and the ‘ iron ’ group is not ‘significant i 
but between the controls and the liver-Marmite group the difference is very sig^^) 
ficant. The difference between the liver-Marmite group and the ‘ iron ’ group 
also just short of the significance level. 

Other workers (e.g.. Wills, 1931) considered that a positive van den Berghb 
most probably explained by concomitant malaria, but there may be other causes 
for the positive van den Bergh, and on the other hand the van den Bergh test es y 
no means always positive when a malarial infection is present or even during u 
clinical malarial attack, for in neither of the two cases in this series in which nia aria 
parasites ivere found was the van den Bergh test positive. 

^ However, this combination of the association of both enlarged spleen and a 
positive van den Bergh test with the liver-Marmite group does seem to bring a i e 
support to the suggestion made from previous experience (Napier, 1936) a 
malaria plays some part in the aetiology of this hymerchromic (or orthochronn 
type of anaemia. 

Urobilin. The urobilin in the urine was definitely' increased in about la 
the cases : but there appears to be no distinction between the two groups. ^ 

Hookworm. The stools were examined for helminthic ova. In the aip 
majority of cases the ova of hookworm, round worm and trichuris were 
A rough estimation of the weight of infection was made by doing egg counts 
a known quantity of stool. 
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The results are shown iu Table VII : — 


Table VII. 


Eggs ])cr gramme of 
stool. 

Iron 

group. 

Livcr- 

jraniiito 

group. 

Total. 

Nil 

2 

1 

3 

Below 1,000 

4 

5 

9 

1,000—2,000 

5 

5 

10 

2,000— 0, 000 

2 

3 

5 

5,000 — or over 

G 

4 

10 


It is almost certain that every patient had hookworm infection, as on a single 
examination ova were found in 92 per cent of the stools. The important point is 
the weight of the infection, and, though egg counting is but a poor way of ascertain- 
ing this, it is the only method available in the circumstances. Twenty-seven per 
cent show an infection rate of over 5,000 ova per gramme, which we usually consi- 
der pathogenic. There is every indication as we (Napier and Das Gupta, 1937) and 
many other workers have shown that, where hookworm is the main factor in the 
production of anfemia, the degree of anaemia is correlated with the weight of the 
hookworm infection : in this series there is little indication of any such correlation, 
and, although there are six in the ‘ iron group ’ against four in the other that have 
heavy infections, this difference is far from ‘ significant ’. 

Gastric analyses . — These were not popidar and later were given up. The usual 
technique was adopted, the alcohol meal being used. From six to 10 samples 
were taken : the results can be grouped as given in Table VIII : — 


Table VIII. 


Maximum acid free per 100 c.c. 

Iron 

group. 

Liver 

group. 

Others. 

Total. 

Achlorhydria — nil . . 

1 

2 


3 

Hypochiorhydria — less than 10 c.c. 

2 

3 

i 

6 

Isochlorhydria, low — 10-24 „ 

3 

3 

5 

11 

„ medium — 25-44 „ 

6 

3 

1 

10 

„ high — 15-64 „ 

1 

2 

2 

5 

Hyperchlorhydria — 65 or more „ 

2 


4 

6 

Total 

15 

13 

13 

41 


There was achlorhydria in only three cases out of the 41 tested and in these 
histamine was not used. In nearly two-thirds of the cases the gastric acidity was 
within the normal range. There was a tendency towards a lower acidity in the 
liver group, but the difi’erence was far from significant statistically. 

The leucocytes. —In these, there seems to be some distinction between the two 
groups ; m the iron group 17 out of 20 have a total leucocyte count higher than 
the normal mean of 7,110 per c.c. whereas in the liver group there are 
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only seven out of If) with ;i count over this figure. The mean counts in the two 
series are ft, I It) ± .‘J.lfO and 7,.j0i) ± .‘j.'ill) per c.inm. The difference again is 
‘ significant On the ditTerential counts in the two series there is, however, 
practically no clifl'erence. 

I he red eelis. — Anisucyto.sis and poikilocytusis were the rule, and in the cases 
ot the iron group were soinetiines very marked. The reticulocyte count in the un- 
treated cases averaged 'J’-lj [ler cent in the ir(»n group and I'o- in the liver group, 
the highest in either group was 5 per cent. 

Normoblasts and occasionally erythrobhisis were found in most of the cases 
ot either group, and rarely, if ever, tnie megalolilasts. 

Jted cell diaiiielera. — took and kept for subseiiuent e.xaminiition slides for 
all the case on admission. AVe had failed to find the time to e.xaniiue these 
by Price-Jones’ method, when Dr. G. .Sankaran, Oiliciating Professor “ 
Biochemistry, All-Jndia Jnstitute of Hygiene and Public Health, very krmUy 
offered to do a number of these by' the method of Hy'iies and Martin, wine 
he has luodified (Sankaran and Badhakrishna Bao, 1938). This method is 
many times more rapid than the method we have, adopted hitherto and is 
quite reliable. 

As far as we were concerned the results were a little disappoiuthio 
seemed to be little correlation between tire mean diameters and either the 
corpuscular volumes (MOV) or the mean corpuscular litemoglobins (HCH). 

Only 15 cases, three cases from each of five different groups, were done . the 
smallest diameter was 6 '625 /x (case 53) and the largest 8‘363 /t (case 4i) : tiie 
Price-Jones’ curves are shown in Graphs 3G and 37. 

Geaph 36. 
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Ctraph 37. 



Admittedly, the mean of the three hypochromic cases was the smallest, hut 
the mean of the three hyperchromic cases Avas not the largest. The means of the 
three cases in each of various groups are shown in the table below. 

The co-efficient of variation was high in nearly every case, the highest, a 
hyperchromic case, being 0T417. 


Table IX. 


Group. , 

1 

Mean diameters. 

i 

Hjrpochromic, iron-reacting 

6‘909 fL 

Ortliochromic „ „ 

7-026 ,a 

„ Marmite-rcacting 

i 

7-668 /i 

Campolon-reacting . . 

! 

7*481 li. 

Hyperchromic „ ,, . , 

7-lU IX. 
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These observations seem to give furtlicr evidence of the very ‘ mixed ’ nature 
of these cases. 

Sternum puncture . — Sternum puncture was done in 15 cases altogether, but 
circumstances prevented tliis being done until the investigation was well 
advanced and many of the patients had received treatment. In nearly all 
there was a relative increase in the red-cell-fonning elements, more so in 
the iron-deficiency group than in the others. 

There was no typical case of the megaloblastic hyperplasia that one sees 
in pernicious anaemia and sometimes in tropical macrocytic anaemia; on 
the other hand, erythroblasts almost equalled normoblasts in many of the 
cases of the Marmite-liver group. 

The two types do not provide a clear-cut line of distinction : a few 
typical counts are given in cases in wliich treatment had not been commenced. 


Table X. 


Sternum puncture findiiujs in five cases. 


Serial number. 


24 

•23 

47 

1 

48 

50 

Total nucleated cells in thousands 


48-0 

T2-5 


48-7 


Bed cell series 


41 

50 

4-5 

37 

32 

Megaloblasts . . 


1 

0-5 

3 


7 

Erythroblasts . . 


11 

5-5 

19 

11 

12 

Normoblasts . . 


32 

44 

23 

22 

13 

Granular series . . 


40 

40. 

44 

57 

57 

Myeloblasts 


1 



2 

2 

Premyelocytes 


0-5 

0-5 


•• 


Myelocj'tcs 


2 

3 

9 

17 

13 

Metamyelocytes (young, band forms) 

28 

13-5 

26 


23 

32 
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Table X — concld. 


Serial mmiber. 

24 

2.-5 

•17 

48 

59 

Segmenlcd 





•• 

Neutrophil 

7-5 

22 

8 

12 

8 

Eosinophil 

1 

1 

1 

2 

1 

Basophil 



•• 

1 

1 

Non-granular series 

16 

10 

11 

6 

11 

Lymphocytes . . 

11-5 

7 

9 

5 

10 

Large mononuclears 

3 

3 

2 

1 

1 

Plasma cells . . 

1-5 


•• 

•• 



The Wassermann reaction . — ^This was done in 36 cases. The blood samples 
-were sent to Maioi S. D. S, ‘Greval, i.m.s., Professor of Serology at the 
Calcutta School of Tropical Medicine, who very kindly reported on them. 
The results are shown in Table XI : — 


Table XI. 


1 

Bl 

Liver 

group. 

Deaths. 

Failures. 

1 

Total. 

Negative . . 

G 

14 

2 

5 

27 

Doubtful , . 

1 

3 

•• 

•• 


3 

Aloderately positive . . 

4 

•• 


1 

5 

Strongly „ 

•• 

1 


• • 

1 
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If the doubtful results could be classed with the positive the difference 
between the iron and the liver group would be significant. Though the only 
strongly positive case is in the liver group, there is some indication that 
a positive Wassennann is more frequently associated with hypochromic 
anaemia, but there is no indication that it was an important factor in 
checking progress or determining failure of treatment. Anti-syphilitic 
treatment was not given in any case during these investigations. 

Final results of treatment in the two groujis . — We have tabulated the results 
of the final examinations in these tw’o groups, haemoglobin, hICH, MOV are given 
in Table XII 


Table XTI. 



Liver 

group. 

lion 

group. 

Number of cases in the "I'oup 

19 

20 

Number of eases with more h.a?mogIobiii than the mean 
of tlie population, i.e., 10-4 g. 

7 

4 

Mean of final ha?moglobin readings in grammes 

I 9-34 

8-50 

Number of cases in hypochromic class, i.e., below 22 yy 

^ i 

4 

8 

1 

Mean of final MOHs 

24-2 

' 23-05 

Number of cases in microcytic class, i.e., below 7i) eu. a 

.3 

2 

Mean of final MCVs 

S7-C 

84-75 


Many of the patients continued treatment outside and did not come ag 
for examination, but neither this nor the time that they were under treatmen 
taken into account. 


The more severe cases of anaemia were in the liver group but the ^es 

has been greater in this group. It must be remembered that nearly all the Ci- 
in this group had iron also, whereas the reverse is not true. 

In the iron group, mostly hypochromic at the beginning, eight cases (40 p^^^ 
cent) are still hypochromic, and the mean MCH is below the gggn 

population, i.e , 23-42 yy ; but if the liver group is also included it will a - 
that the mean of all the treated cases is within 0-25 yy of this figure. o 

patient had an MCH over 30 yy on discharge. 
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Tliere was oue macrocytic case amongst tlie iron group and none amongst the 
others. The MOV in the iron group now closely approximates^ to that^ of the 
controls, but the average size in the liver group is still above the ‘ normal of this 
population but actually below the ‘ normal ’ for the city-dwelling Indian. 

Definition of our two i^roups . — We are now in a position to give a more detailed 
definition of these two groups on the data we have presented. 

Iron-deficiency group . — ^The patients may be of any age, between 15 and 40, 
and the ansemia may occur in any pregnancy, but there seems to be a slightly 
greater tendency amongst primigravida to suffer frozn this type of anasmia : it may 
become established at any month, but is more frequent in the latter months of 
pregnancy, and it may be post-partum. 

There is no correlation between this anremia and splenic enlargement ; prac- 
tically all patients had a hookworm infection and 30 per cent had a heavy infec- 
tion, but there is little correlation between the degree of ansemia and the weight 
of the infection. The condition is not associated with low gastric acidity. The 
van den Bergh (indirect) test is usually negative. 

The anaemia may be of all degrees and was even down to 2 g. per 100 c.c. of 
blood in some cases : the reticulocyte count in the untreated case is usually about 
2 per cent. The typical blood picture is microcytic and hypochromic, and there 
is also a low haemoglobin concentration in the individual cells ; anisocytosis is 
the rule and frequently there are normoblasts : there is usually a slight but distinct 
leucocytosis. 

There is a good response to iron therapy in the early months of pregnancy 
and post-partum, but in the latter months of pregnancy the response may be only 
slight until the uterus is empty, when rapid improvement occurs. In the ante- 
partum cases the improvement is accompanied by only a sub-maximal reticulocyte 
response or no increase in reticulocytes, but in the post-partum cases there is 
usually a characteristic reticulocyte response, the degree depending on the 
liiBmoglobin level. The improvement is usually accompanied by a rise in the 
mean corpuscular haemoglobin. 

The Marmite-Uver-deficiency group . — ^The patient may be of any age between 
14 and 40, and the avnemia may occur in any pregnancy but it seems to be more 
cojumon in the later, especially the third and fourth, pregnancies. It may 
be established at any mouth but was noted much more frequently in the third 
trimester, or it may be post-partum. 

There appears to be a definite association between this anemia and splenic 
enlargement. Practically all our patients had hookworm infection but there was 
no correlation between the weight of infection and the degree of anaemia. There 
is no association with achlorhydria, but there is some though inconclusive evidence 
ot association with a slightly lowered gastric acidity. The van den Ber<^h test is 
usually positive. ° 


The anaemia may be of any degree and is frequently below 2 » • it fell 
as ow as l-6o g. in one case. The reticulocyte count in the untreated case 
is low averaging about 1-5 per cent. The typical blood picture is hytr S 
orthochromic and macro- or normocytic. There is some anisocytoS and 
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poikilocytosis, and nonnoblasts and erythroblasts are seen in the peripheral 
blood but rarely megaloblasts. The leucocyte count is normal and there is no 
change in the proportions of the different cells. 

There is a good response to Marmite by the mouth or Campolon by intra- 
muscular injection, but in the later stages of pregnancy this may be counteracted 
or delayed until the uterus is empty : this applies particularly to Marmite. There 
is usually a sharp reticulocyte response, an increase in the number of red cells and 
a fall in the mean hsemoglobin concentration after administration of Campolon, 
even in the absence of any marked improvement in the haemoglobin level. 

Mixed deficiencies . — We have described above the characteristic picture of 
these two types of anaemia from the data that we have collected, but it is very 
probable that few of our cases presented a pure picture of one type of aiiceinia 
and it is quite certain that many were examples of a mixed type of aucemia m 
which at least two retiological factors were at work, e.g., case 2, originally a 
hyperchromia anaemia improved up to a point and became hypochromic Tvhen 
liver was given ; eventually, after iron had been given, the blood picture returned 
to normal. 

It seems probable had there been only one aetiological factor in each case 
that much purer pictures than the ones we have described would be obtained; 
for example, the high percentage of orthochromic cases in the Marmite-liver- 
deficiency group is probably due to the influence of a co-existent iron deficiency. 
From the data we have at our disposal — admittedly defective in certain 
respects, for example, with reference to the effect of liver in the extremely 
hypochromic cases — we believe that the following diagram demonstrates the 
position : — • 



This shows iron deficiency as a constant factor, and the Marnu_^ 
deficiency as present in about three-quarters of the cases but donunan 
less than half. 


585 


L. E. Napier and D. N. Majumdar. 

The (etiological factors.—’W^ need not discuss here physiological anaemia of 
pregnancy as it has been shown that this seldom, if ever, amounts to a deficiency 
of over 15 per cent of the normal amount of liEemoglobin per c.c. of blood. 
Dieckmann and Wegner (1934) have pointed out that the haemoglobin in the body 
is increased by an average of 13 per cent during pregnancy and that the volume 
of plasma is increased by 20 per cent, so that there is an average deficiency 
of hajmoglobin per given volume of blood of only 7 per cent; they consider 
that at any stage of pregnancy a hajinoglobin of below 10 grammes per 100 c.c. 
of blood should be considered as pathological. Even allowing for the very 
low level of the coolie population, our least ancemic case is well below the 
15-per-cent-deficiency level. 

Before discussing the tetiology of the anaemias we must first consider the 
so-called normals. A hEemoglobin percentage of lO’lO grammes per 100 c.c. of 
blood cannot be considered physiological, nor can a mean corpuscular hremoglobin 
of 23'42 yy. "We have gone into this question at some length in previous papers 
(l^apier and Das Gupta, 1936, 1937) and whildt coming to the conclusion that 
iron deficiency, determined by repeated blood loss from hookn'orm infection in 
individuals with a low iron intake, was probably an important setiological 
factor, we still thought that there was some factor, possibly some other defi- 
ciency of a substance that was itself essential for normal hemopoiesis, or one 
that determined the absorption and/or utilization of iron. ’\l'’e are continually 
encountering cases in our hospital experience, usually individuals of the ryot 
class, who have a permanently small cell '. their red cell count rises to normal 
and often up to 6,000,000 per c.c. but their hsemoglobin still remains persistently 
at about the 11-gramme level. 

The coolie population must be considered, therefore, to be composed of 
individuals suffering from an actual iron deficiency or living at the lowest level 
of iron balance, so that any additional demand for, or dissipation of, iron will 
throw over the balance against the individual and an iron-deficiency anajmia 
will be established. 

The microcytic group . — ^Pregnancy will certainly supply this additional demand 
just as extra blood loss at parturition will the dissipation ; hypochromic iron- 
deficiency ansemia of pregnancy is well known and the picture many of our cases 
present fits in very well with this condition ; in view of the characteristic and rapid 
response to iron in these cases we need look no further for an explanation of the 
Eetiology of their ansemia, but there were others that improved up to a point only, 
and few of them improved beyond the ‘ normal ’ level of the coolie population ; 
further, the mean corpuscular haemoglobin was in most cases only 23 yy after 
considerable iron dosage, so that the effect of our hypothetical limiting factor is 
still apparent in these cases. 

The macrocytic group.~yi& will now turn to the other group. The picture 
is very much that of Wills’ macrocytic ansemia of pregnancy except that the 
majority are not hyperchromic macrocytic but orthochromic normocytic— this 
we believe, is explained by the underlying iron deficiency— and one other 
important feature, namely, that in our cases the indirect van den Bercrh 
was very frequently positive, whereas Wills gives the absence of the van 
den Bergh as an important distinguishing feature between the condition 

3, MK _ 
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slie described and pernicious antemia : in the few cases in which the indirect 
van den Bergh reaction was positive she attributed the fact to co-existent 
malaria. The important distinguishing features between our cases and 
pernicious auBemia are the absence of all neurological sjTuptoins and the 
presence of free acid in the gastric secretions. 

Though the exact nature of the deficient substance is still uncertam Wills has 
shown that this condition can be brought about by a deficiency of vitaniin-B 
complex in the diet, and she has also pointed out, and we have confirmed the fact 
(Napier, Joe. cit.), that a macrocytic aiifemia occurs in non-pregnant women and in 
men which is essentially of the same nature. She, therefore, considers that the 
position is analogous to hypochromic ancemia of pregnancy, in that the extra 
demands of pregnancy determine this condition in a person w'ho is on a diet low, 
but not actually deficient if the demands had been normal, in B complex. 

We have showm in a previous paper (Najiier and Das Gupta, 1936; Napier 
and Billimoria, he. cil.) that, whereas the anaemia in tlie general coolie population 
was almost entirely hypochromic, amongst pregnant women there is in addition 
a group suffering from a hyperchromic anaemia. 

In the population under investigation, wdiich is also a tea-estate coolie popula- 
tion, though in a different part of Assam, a similar state of affairs almost certainly 
exists in the general population, and we have shown here that about halt tlie 
pregnant women are suffering from a Marmite-liver-deficiency anaemia. 


The. occurrence of a type of anaemia amongst pregnant women that is unconpou 

in non-pregnant women and men suggests that pregnancy itself plays a part s 
aetiology ; it may simply be a matter of the extra demands of the foetus determming 
a deficiency in an individual on a border-line diet, that is to say, it 
conditioned deficiency. On the other hand, it has been shown by Rhoads (1 ^ 
that substances which are not normally toxic wall in animals 
deficient diet act as a toxic agent, or, in other words, there is such a tliiug 
conditioned toxicity, and it is possible that this aneemia is evidence of a 
degree of toxmmia which would not affect a person protected by an emc ^ 
diet. There is the other possibility that pregnant women 
temporary deficiency of the intrinsic factor in their gastric secretioi, 
suggested by Strauss and Castle (1933). We have no means of testing 
but, as few of our cases w’ere achlorhydric at the time, this seems 
improbable explanation. 

• Associated factors . — The question then arises, why do some pregnant 
suffer from a simple hypochromic iron-deficiency amemia and others i 
added complications of a Marmite-liver-deficiency 1 There are two ^ 

that show a special association with the hyperchromic anaemia, na 
positive indirect van den Bergh reaction and an enlarged spleen, and 
conditions show this association in both series, this and the one p 
reported (Napier and Billimoria, loc. cit.). Wills (loc. cit.) is 
a positive van den Bergh does not occur in her ansemia, and 
it is present it is evidence of complicating malaria. If we Jen 

that in the pure Wills’ Marmite-factor-deficiency ancemia, 6 js 

Bergh is negative, then Ave must assume that the positive van ^ 
due to some commonly associated condition ; the further asso 
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Gulcirged splG6D uicilvcs it difficult to uvoid tlic conclusion tiiut tliis condition 
is malaria. As this double association is very definitely less where the 
hypochromic iron-deficiency anemia is concerned, we have a strong suggestion 
that chronic malaria is an important cetiological factor in the hyperchromic 
amemia. 

We do not propose here to enter into a discussion on the pathology of chronic 
malaria and why certain changes occur in some individuals and yet notin others 
who as frequently suffer acute attacks, but our suggestion is that it is not the acute 
attack — which is ofteir not acccmpanied by a positive van den Bergh reaction 
but the chronic state with the damaged reticulo-endothelial tissue in the spleen 
and elsewhere that is most likely to be the determining factor in producing this 
anaemia. 


There is the evidence in the positive van den Bergh reaction of excessive blood 
destruction. Is it possible that during this process some substance, ryhich is not 
synthesized in the body but which is essential to normal haimopoiesis, is destroyed 
to such an extent that in the presence of a poor diet it becomes deficient ? 

On the other hand, it has often been observed that people of certain race.s 
rapidly acquire an immunity to the effects of malaria though parasites can always 
be found in large numbers in their peripheral blood, whereas others develop enlarged 
spleen and rapidly become the subjects of chronic malarial cachexia. Is it possible 
that the dietary factor is the important one, and that those on an adequate diet 
are protected against the ill effects of malaria, whereas the others are not. and are 
in a state of conditioned toxicity ? 


The dietary factor . — In our previous investigations we attempted to get 
information about their diet from the patients themselves, but we found that this 
was far too vague to be of any value. We, therefore, approached Professor Ellis C. 
Wilson of the All- India Institute of Hygiene and Public Health and it was arranged 
that one of the diet survey officers who had been placed to work under him should 
be sent to Dewan to carry out a dietar}^ survey amongst the population 
from which our cases came. The result of this survey, which was carried 
out by Dr. Mitra, can be summarized as follows : — 


The total calories v/ere only a little below the standard usually considered 
necessary for Indian workers, but were mainly derived from carbohydrates : the 
total protein intake was low and the animal protein almost a negligible figure. 
Total fat was also very low, below 12 grammes, and most of it was of vegetable 
origin. 


Of the minerals calcium was exceptionally low, being only about one-sixth 
of the usual requirements ; the figure for iron w-as low, though adequate if it was all 
in available form, but there was some doubt on this point. Of the vitamins, the 
intakes of A and B complex were low, though apparently not actually deficient 
judged on most_ standards, but the vitamin-C intake was' very low and, as this 
was mainly derived from vegetables that were cooked. Professor Wilson seemed 
to think that saturation with this vitamin was improbable. 


Physical exammation did not show any very striking evidence of deficiency 
though xerophthalmia was fairly common, but by means of the A. C. H index 
about 30 per cent of the children were ‘ selected ’. 
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"S'ouurs“hat " ‘‘“rV' 

(Orten Smith mrl iVr^n /l ‘"''^'sorption and/or utilization of irou 

deficiencv Fithpv V i * second point was the possible vitamin-C 
exolZ these deficiencies may, we feel, possibly 

oFthTfao t th^^^^?^^^^ population, hnt in vie; 

It would h? nh. ? blood calcium and vitamin-C saturation. 

whl t mnnnn^ •? Oil this indirect evidence, and 

when the opportunity arises we shall certainly explore these possibilities. 

tint 1 ° special hyperchroniic anaemia we have already suggested 

these nemde^ 1^ oe o a conditioned deficiency and there is evidence that none of 

Section on diet, we can sav that there is evidence which 
dicates that this may be a very promising line of 'investigation. 


CONCLUSIOX. 

p/egnant tea-garden coolie women as a wdiole has a low 
level ot haomoglobin associated with a small pale red blood cell : conditioned iron 
xi nought about by continuous blood loss from hookworm infection in 

lie presence of a low iron intake, will account for this in part, but not, we believe, 

• f consider it possible that a low calcium and/or a low vitaniin-C 

intake may be associated factors. 


The anremia amongst pregnant ivomen can be divided into two groups, charac- 
eris ica y miciocytic hypochromic and macrocytic hyperchroniic, respectively! 
tke tormer is an exaggeration of the anamiia in the normal population brought 
a ou y le extra demands of pregnancy, but the factors concerned hi the latter 
are no quite so evident, though the response to treatment suggests— and a 
le ary survey does not negative the suggestion — that there is a relate 
deficiency m important food factors probably associated with the vilamin-B 
complex, and other observations indicate that this deficiency is conditioned 
y e presence of the foetus with its extra demands for substances essential 
tor hoeliiopoiesis (or less probably its toxic infiuence) and/or by a state of 
chrome malaria. 


Whilst characteristic examples of each type of ansemia are seen, they seldom 
occur m pure state and in the vast majority of cases deficiencies of both groups 
are evident and require rectifying. 
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AND 
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{From the AU-India Institute of Hygiene and Public Health, Calcutta.) 


[Received for publication, September 28, 1938.] 

In the course of recent investigations on vibrios and particularly on F. cliolerce 
many workers have failed to find any evidence of serological or other variations 
except the change to ‘ rough ’ type of determined serological nature. On the 
other hand, other workers have from time to time brought forward evidence in 
support of occurrence of 'serological and other variation's in these organisms. 

From the epidemiological point of view this matter is of considerable import- 
ance. If F. cholerw is subject to material variations, the maintenance of the 
virus in an endemic region or in an inter-epidemic period, in a form not readily 
recognizable, would be possible. If not, in the study of the epidemiology of 
cholera, attention can be focused entirely on typical F. cholerm, eliminating 
atypical vibrios from consideration. 

Most of the work on the subject had been carried out before the fact had been 
recognized that the separate determination of ‘ 0 ’ agglutination was essential in 
the serological examination of the vibrios and that an ' H ’ fraction in common 
with that of F. cholerce was present in many vibrios which can be isolated from 
water. and other sources under conditions in which cholera contamination can be 
excluded. 

It has long been recognized that the house fly may play a part in the 
dissemination of cholera as a mechanical carrier of the vibrio. Since 1885, when 
Bladdox first made a scientific study of this subject, much evidence on the point 
has been presented. Generally speaking, the observations made have tended to 
show that house flies can, at most, play a limited role in transmitting infection 
trom place to place. On the other hand, Gil] and Lai (1932} as a result of 
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their combined field and laboratory investigations have suggested that flies 
might play a more fundamental part in the epidemiology of cholera by acting 
as biolo'gical carriers of the organism. 

The present studies were undertaken with a view to investigating wliat 
changes, if any, could be detected in the vibrios after passage through the flies by 
empldying more mddern techniques. 


Breeding and sterilization of jlies . — The flies were caught and bred in the 
laboratory by the technique described by Gill and Lai (/oc. cit). Much more 
stringent measures were, however, taken to raise flies free, as far as possible, from 
bacterial and bacteriophage contamination so that these extraneous infections might 
not interfere with subsequent investigations. For the sterilization of the eggs 
beginning was made with disinfectants of the coal-tar group, formalin, and chlorine 
solution but indiflterent results were obtained. Best results were achieved with 
Murdoch and Smart’s (1931) technique. The mass of eggs was first broken up by 
shaking it with modified Daldn’s solution containing 0'39 per cent chlorine andl'6 
per cent anhydrous sodiimr carbonate. The eggs, so separated, were treated in 
Murdoch and Smart’s apparatus for half an hour wth llydrarg. perchlor. solution 
(1 in 1,000) to which i per cent hydrochloric acid had been added. They were 
then thoroughly washed, and allowed to hatch out under aseptic condition in a 
medium of mashed vegetable' placed in a bottle through which sterile air was passed. 
The air was made sterile by drawing it successively through a cylinder contaimng 
sulphuric acid and La candle. Mnien the larvae pupated in the bottles, they were 
thoroughly washed in 5 per cent carbolic acid and placed in a tall cage in winch adu ^ 
insects were able to fly about. They were fed on sterilized miUc. Several 
tions were bred in this way. Considerable difficulty was encountered in enec mg 
sterilization with regard to spore-bearing aerobes and cocci and the results were 
completely satisfactory in this respect but it was found possible to t 
altogether Gram-negative organisms from the eggs although in adult flies su 
organisms could occasionally be detected. However, the insects were 
found to be free from contamination with bacteriophage or with organisms 
remotely resembling V. cliolerce. The flies used in the experiments helonge 
genus Musca. 

The experimental procedure was as follows : — 

Batches of laboratory-bred flies containing from 15 to 25 insects 
’phage-free vibrios of known characteristics by Gill and Lai’s 
intervals of 6, 12, 24. and 48 hours (in some experiments daily up to 
few insects were singed, crushed, and plated in nutrient medium. A to 

colonies were picked up. The organisms thus isolated were careiuUy 
find out whether there was any change in their characteristics. Tierimed- 

examined for possible contamination with bacteriophage during tne - p 
The following characteristics of the vibrios were studied : — 

Colonial appearance. 

Morphology. 

Sugar reactions using saccharose, mannose, and arabinose. j jj > ^ ‘ 0 ’ 

Serological reaction against Inaba and homologous ‘ 0 an 
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Sletabolism, Linton el aVs (1936) teebnique and classification were followed. 
Chemical structure. 

The tests for metabolic activity and the examinations of protein and 
polysaccharide structure were carried out by the associated Inquiry under 
Dr. R. "W. Linton. The chemical classification given is that of Linton et al. 
(1935) based on the determination of two types of protein and three types of 
polysaccharides. 

Four series of experiments were conducted with the following strains : — 

A. Vibrio isolated from a case of cholera. It agglutinated with Inaba 

‘O’ and ‘H’ & ‘O’ sera. 

B. Vibrio isolated from a tank in Diamond \ All these strains were 

Harbour area. | inagglutinable with Inaba 

C. Vibrio from a healthy carrier. J ‘O’ and ‘ H ’ & ‘O’ 

D. Vibrio isolated from a tank in Calcutta, j sera. 


A. Experiments with a non-agglutinating vibrio isolated from 

A case of cholera. 


Experiments in this series were conducted with the strain which had been 
isolated from a cholera case (No. 610 S. T. M. obtained through the courtesy of 
Major C. L. Pasricha, i.M.s.). 

Originally it had the following characteristics : — 

Colonial appearance: Smooth, translucent, entire edge. 

Morphology : Comma-shaped vibrio. 

Sugar reaction ; Saccharose -f-, mannose -(-> arabinose — (Heiberg group I). 
Serological reaction : Agglutinated to full titre with Inaba ‘ 0 ’ and 
‘H’& ‘O’ sera. 

Metabolism ; Respiration 12‘2 (cm. of oxygen consumed per mg. of bacteria), 
glycolysis 7-3 (cm. of CO 2 given oS per mg. of bacteria) (Linton’s 
group I). 

Chemical structure: Polysaccharide containing galactose and protein I 
(Linton’s chemical group I). ’Phage free. 

Five experiments were conducted with this strain. Vibrios could not be 
recovered from the flies more than 48 hours after feeding except in one instance when 
it was isolated after five days. The variations observed are described below : — 
Colonial appearance. — In two experiments colonies of organisms recovered 
24 and 48 hours after feeding exhibited slight opacity, in others no difference 
was noticed. 


Morphology.— On four occasions the organisms recovered 24 and 48 hours after 
feeding were found to be shorter, thicker and less curved, when isolated, but they 
tended to revert to the original form on sub-culture. 


Sugar reaction.— change was observed in any of the strains isolated. 
Serological reaction.— IHq change was observed when tested against homologous 
and Inaba 0 and H & 0 ’ sera, titre remaining the same. 
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Table 


1 . 


Metabolic activity and c/icinical structure of certain strains of vibrios recovered 
after passage of case strain No. 610 through flies. 


Passage 

number. 


iStrain 

number. 

j 

Perioil of 
isolation 
after feeding 
(hours). 

! Mi;TAiiOLis>r. 

Linton’s 

! i 

■ Chemical 
structure. 

Linton’s 

j 

Hc.spira- 

tion. 

Glyco- 

lysis. 

metabolic 

group. 

chemical 

group. 

Original 

1 

GIO 


' 12-2 

1 

' 

7-3 

I 
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I. 
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Immediately 

1 12-r) 

7-0 

I 

1 

•• 

1 . 

1 
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3 
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1 

5-4 
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4 
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10-0 

7-1 1 

VI 

■■ 
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5 

G 

7-6 1 
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II 


•• 
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12 

13-8 

1-2 

V 

Galactose, 
protein I. 

I. 



7 

24 

10-4 

1-C 

V 

1 

** 


1 

8 

48 

1 

12-0 

3-0 

V 

Glucose and 
galactose, 
protein I. 

Mixed I 
and VI. 



9 

6 

9-6 

7-3 

VI 


•• 



10 

12 

12-6 

4'5 

V 


•• 

3 i 


11 

24 

1 

11-0 

5-0 

V or VI 

•• 

•• 



13 

120 

! 

7-5 

i 

6-5 

II 

Glucose, 
protein II. 

V. 


Metabolism. — The results of metabolic tests are shown in Table I- It ^ 
observed that definite variations have occurred. Generally speaking, there ^ 
tendency towards decrease of glycolytic power. 

Chemical structure. — The chemical examination of strains Nos. 6, 8, and ' 
carried out, vide Table I. It will be seen that strain No. 13 isola e 
days after feeding (first passage) changed to Linton’s chemical group 
involve changes in the polysaccharide as well as in the protein. 

None of them showed any evidence of contamination with bacteriop o • 


B. Experiments with a non- agglutinating vibrio isolated 

PROM A tanic. 

Experiments were conducted with strain No. 2252 was 

in one of the experimental villages in Diamond Harbour area. I ® of 

habitually used for drinking purposes by 429 persons. There was 
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cholera in the village at the time of isolation. The main characteristics of this 
organism were: — 

Colonial appearance: Semi-opaque, smooth, entire edge. 

Morphology: Comma-shaped vibrio. 

Sugar reaction : Saccharose +> mannose -f-j arabinose — (Heiberg’s group I). 

Serological reaction : Non-agglutinating against Inaba ‘ 0 ’ and • H ’ & ‘ 0 ’ 
sera. 

Metabolism : Eespiration 13'2, glycolysis O'O (Linton’s metabolic group IV). 
Chemical structure : Polysaccharide containing glucose and protein 11 
(Linton’s chemical group V). ’Phage free. 

Ten serial passages of 48 hours each were made through the flies except in two 
instances when the duration of passages was shorter. The following ’results 
were obtained : — 

Colonial appearance. — Transparent colonies were observed twice with the 
recovered organisms. These did not show any serological or biochemical 
variations, and tended to revert to the original type on sub-culture. 


Table II. 


Metabolic activity and chemical structure of certain strains of vibrios recovered 
after passage of tank strain No. 2252 through flies. 


Pas'^age 

number. 


Original. 


1 


Strain 

number. 

Period of j 
isolation 
after feeding 
(hours). 

ilETaBOUSlI. 

1 

Linton's | i 

metabolic! Chemical 
group. structure. 

. 1 

Linton's 

Respira- 

tion. 

Glyco- 

lysis. 

chemical 

group. 

2252 


13-2 

00 

1 ' "■ 
i 

IV ! G 1 u c 0 3 e, 

1 protein II. 

V. 

30 

c 

100 

1-0 

V i .. 

.. 

31 

12 

130 

0-0 

IV 


32 

24 

110 

1-0 

V 


33 

48 

11-0 

1-S 

! 


34 

0 

1 

8*0 

2-0 

Ill ' 


33 

12 

100 

2-0 

V 


36 

' 24 

100 

1-0 

V 


37 

4S 

1 11-0 
) 

2-0 

V 
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1 

Strain 

number. 

Period of 
isolation 
after feeduig 
(houra). 

Metabous.m. 

Linton’s 

Chemical 

structure. 

Linton’s 

chemical 

group. 

Passage 

number. 

Respira- 

tion. 

Glyco- 

lysis. 

metabolic 

group. 

! 

42A2 

48 

10-3 

3-9 

V 

.. 

, , 


•i2B2 

48 

8-5 

1-4 

V 



9 . 

4202 

43 

9-4 

3-1 

V 

•• 

•• 


42D2 

48 

11-7 

2-3 

V 

. . 1 

j 



42E2 

48 

12-0 

3-5 

V 

' ■ 

• • 


4203 

24 

9-3 

2-5 

V 

. • 

•• 


42D3 

24 

9-1 

5-2 

VI 

•• 


10 ■ 

1 ■42E3 

24 

8*2 

4-1 

III 

•• 

•• 


42F3 

48 

7-5 

3-6 

III 

* • 

• • 


42G 

48 

7-7 

4-5 

II 

•• 

•• 


42H 

48 

( 

8-9 

5-2 

VI 

Galactose, 
protein II. 

IV. 


Morphology . — The same type of variations as observed in the previous experi- 
ment was also noticed id this series on five occasions when organisms recovered 
after 24 and 48 hours were examined. 

Sugar reaction . — ^No change was observed in the whole series. 

Serological reaction . — ^No change was observed against the homologous ‘ 0 ’ 
and ‘ H ’ & ‘ 0 ’ sera, agglutination titre remaining unaltered. 

Metabolism . — The result of the metabolic tests is given in Table II. The 
results obtained were very interesting. In the fourth passage the metabolic activ- 
ity of the strain isolated six hours after feeding suddenly increased. This strain 
was used for the next passage but the recovered strains showed reversion to low 
metabolic figure. Strains isolated during the 6th and the 7th passages also exhib- 
ited. low metabolism, but some of the organisms recovered after the 8th passage 
again gave high figures. Most of the strains recovered after the 10th passage again 
gave higher metabolic figures, though none behaved like Linton’s group I. Strains 
Nos. 42, 42B] , and 42D1, which showed high metabolism, were tested a number 
of times when kept under laboratory conditions. They showed reversion to the 
original figure. 
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Ohemical stncclnre . — Clieniical examination of tlie following strains was carried 
out {vide Table II). 

Strain No. 42 recovered after the 4th passage. 

„ ,, 'I2B „ „ „ 7th „ 

„ „ 42H „ „ „ 10th 

It will be seen that strain No. 42 which originally belonged to Linton’s chemical 
group V had, after the 4th passage through the fly, undergone a complete change 
both with respect to its pol 3 ’’saccharide and protein. It could now be classed as 
group I. This change, however, was not permanent as strains Nos. 42B and 42H 
which were derived from it after the 7th and the 10th passages, respectively, were 
found to contain protein II though polysaccharide remained unaltered. These 
organisms thus belonged to Linton’s chemical group IV. 

The recovered strains were also found to be ’phage free. 


C. Experiment.s with a xon-agglutinating vibrio obtained 

ERO.M A HEALTHY CARRIER. 

Strain No. 86 was used for this experiment. It was isolated from a healthy 
carrier during routine examination of stool in Diamond Harbour area. There vas 
no cholera there at that time. 


The strain had the following characteristies : — 

Colonial appearance : Semi-opiaque, smooth, entire edge. 

Morphology : curved rod. 

Sugar reaction : Saccharose -h, mannose — , arabinose — (Heiberg’s group^ II)- 
Serological reaction : Inagglutinable against Inaba ‘ 0 ’ and ‘ H & 


sera. 


Metabolism: Respiration 5'1, glycolysis 2-6 (Linton’s metabolic grouping 
Chemical structure : Polysaccharide containing galactose, glucose, a 
protein II (Linton’s chemical group mixed IV and V). ’Phage nee. 

The experimental procedure was slightly changed in this case. 
previous experiments isolations were made only after 24 hours of feeding and i 
the duration of the passage was reduced to 24 hours. After each passage mji ; 
colonies were picked up. Each time the strain showing highest glycolytic ga 
was selected for the net passage. Altogether six passages were made. 


The variations observed are summarized below : — 

Colonial and morphological variations of the same nature as described m 
previous experiments were noted. 

No change in serological or sugar reactions was observed. 

Metabolism . — The results are given in Table III. It will be noticed 
in glycolysis was observed in strains Nos. 18, 20, and 22 isolated ^sed 

passage, thus transferring them to Linton’s metabolic group IL No. lo 
for the next passage. The organism recovered after this passage again ex _ 
a low glycolytic figure. After the sixth passage, however, two strams 
some rise. 
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Table III. 


Mekibolic acliviiy and chemical slructum of certain strains of vibrios recovered 
after passage of carrier strain No. 8G. 


Passage 

number. 

Strain 
number. , 

Period of 
isolation 
after feeding i 
(hours). 

ilETABOUSM. 

Hespira- J Glyco- 
tion. ' lysis. 

Linton’s 

metabolic 

group. 

Chemical 

structure. 

Linton’s 

chemical 

group. 

Original 

« 

I S6 

•• 

0-1 

2-6 

Ill 

Galactose 
and glu- 
cose, pro- 
tein II. 

Mixed IV 
and V. 


1 

24 

6-2 

3'5 

in 




1 " 

24 

7-0 

2-6 

in 



1 ■ 

3 

24 

7-2 

2-S 

III 




1 

! 

24 

7-6 

3-6 

III 




5 

24 

G-2 

3-6 

nr 




6 

24 

7-2 

3-0 

in 




! 

1 7 

I 

24 

4-8 

3*i> 

IIT 



2 ■ 

s 

24 

6-8 

3-2 

in 




i " 

24 

4-0 

4-G 

III 




I 10 

24 

tt-O 

3-3 

III 

' . . 



[i U 

24 

10*0 

3-5 

V 




i 12 

24 

7-6 

3-7 

III 



3 ■ 

13 

24 

9-3 

1-9 

V 




U 

24 

100 

3-1 

V 




[, •= 

24 

8-0 

4-4 

n or III 


-■ 



24 

6*4 

3-S 

m 




IS 

24 

8-0 

• 

6-1 

11 

Galactose, 
protein II. 

IV. 

4 

10 

24 

7'5 

3*3 

■ 

ni 

, , 



20 

24 

61 

6-3 

II 




' 21 

24 

7*3 

37 

m 




22 

24 

7-0 

6-7 

n 

•• 

■■ 
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Table III — concld. 


Passage 

number. 

Strain 

number. 

Period of 
isolation 
after feeding 
(hours). 

Metabolisji. 

Linton’s 

metabolic 

group. 

Chemical 

structure. 

Linton’s 

chemical 

group. 

Respira- 

tion. 

Glyco- 

lysis. 



23 

24 

7-5 

3-4 

Ill 





24 

24 

9-3 

0-3 

IV 



6 • 











25 

24 

8-0 

2-2 

III 


> • • 



26 

24 

7-3 

1 

1 4*8 

1 

II 


•• 


r 

27 

24 

6-4 

2-1 

III 





28 

24 

7-6 

3-2 

III 



6 J 











29 

24 

6-7 

5-8 

II 

• • 

•• 



30 

24 

6-2 

4-6 

II 


•• 


Chemical structure. — Chemical analysis was made of strain No. 18 which 
showed the highest metabolic activity. The polysaccharide was found to contain 
pure galactose instead of a mixture of glucose and galactose of the original 
strain but the protein remained unchanged. 

All the recovered strains were tested for the presence of bacteriophage. 
None was found 'contaminated. 

D. Experiments with a non- agglutinating vibrio (No. lOOC) isolated 

PROM A TANK IN CALCUTTA. 

The characteristics of the strain were as follows : — 

Colonial appearance : Semi-opaque, smooth, entire edge. 

Morphology ; Curved rod. 

Sugar reactions: Saccharose +, mannose — , arabinose — (Heiberg s 
group II). ^ ^ , 

Serological reaction : Inagglutinable against Inaba ‘ 0 ’ and ‘ H ’ & ^ 
sera. 

Metabolism : Respiration ll'I, glycolysis 1'6 (Linton’s metabolic group V)- 
Chemical structure : Polysaccharide containing arabinose and protein II 
(Linton’s chemical group III). 

The experimental procedure was the same as in C. Altogether nine passages 
were made with the following results : — 

Colonial and morphological changes of the same nature as deseribed above 
were noted. 
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Sugar reaction. — Two organisms isolated in the 8th passage showed reduction 
of mannose also, thus becoming group I of Heiberg. But the change was transient 
as it was lost in the next sub-culture. 

Serological reaction. — ^No change was observed. 

Metabolism. — The results are given in Table IV. It will be seen that the 
glycolytic figure rose high in strain Ho. 108G isolated in the 8th passage and 
also in strains Nos. 109A and 109B isolated in the 9th passage, thus changing 
them into group I of Linton. 


Table IV. 

Metabolic activity and chemical structure of certain strains of vibrios 
recovered after passage of tank strain No. lOOC through flies. 


Passage 

number. 

Strain 

number. 

Period of 
isolation 
after feeding 
(hours). 

llEXABOtlSM. 

Linton’s 

Chemical 

structure. 

Linton’s 

Respira- 

tion. 

Glyco- 

lysis. 

metabolic 

group. 

chemical 

group. 

Original 

lOOC 

•• 

11-4 

1-6 


Arabinose, 
protein II. 

III. 

■ 

lOlA 

24 

12-9 

0-8 

IV 



1 ■ 

lOIB 

24 

10*4 

4-3 

V 


•• 

. 

lOlC 

24 

13*6 

1-4 

V 




102A 

24 

U'S 

M 

V 



2 * 

102B 

24 

U3 

2-6 

V 




1020 

24 

14-0 

3-9 

V 



■ 

103A 

24 

11-9 

6-3 

VI 



3 - 

103B 

24 

11-6 

6-3 

VI 



. 

1030 

24 

14-0 

2-0 

V 




104A 

24 

14-5 

2-S 

V 



4 • 

104B 

24 

13-4 

o-.q 

IV 



. 

1040 

24 

13-5 

S-9 

VI or I 




105A 

24 

11-2 

0-4 

IV 



5 ■ 

105B 

24 

12-3 

4-1 

Y 




1050 

24 

14-2 

4-0 

V 

• * 


f 

106A 

24 

11-7 

0*8 

VI 




106B 

24 

14-4 

4-4 

V 



1 

1060 

24 

9-3 

>•3 

V 

• • 
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Table lY-~concU. 


1 

1 

Passage Strain 

number. ( number. 

) 

i 

( 

Period of 
isolation 
after feeding 
(hours). 

JfcTABOLIS.'Vr. 

Linton’s 

Chemical 

structure. 

Linton’s 

chemical 

group. 

Respira- 

tion. 

Glj'co- 

lysis. 

metabolic 

group. 


f 107A 

j 

! 

24 

10-7 

1-4 

V 




, I07B 

24 

10-2 

6-7 

VI 



7 


i 







! 107G 

1 t i 

24 

13-7 

5-1 

V 

. . 



! 107D 

24 

11-4 1 

6-2 j 

VS 

I 

1 


00 

o 

24 

1 

9'7 

3-2 

V 




J 108B 1 

24 

9-2 

3-3 

1 

, . 

. . 

8 < 

' lose , 

24 

13-8 

9-4 

I 

Galactose, 

r. 


1 





protein I. 



i 108D 1 

24 

14-2 

0*4 

V 

, . 

. . 

1 

r 109A ' 

24 

13-6 

7-0 

I 




1 








109B 

^ 1 

24 

14-7 

8-8 

T 




Chemical structure. — ^No, 108C which showed highest glycolytic figure was 
chemically analysed. Change in both polysaccharide and protein was observed. 
From polysaccharide containing arabinose it changed into one containing galactose 
and from protein II to protein I, thus bringing it under group I of Linton. This 
observation was similar to the results obtained in our previous experiment with 
strain No. 2252. The original as also the recovered strains did not show presence 
of bacteriophage. 

Summary. 

1. Investigations have been carried out on the characters of vibrios isolated 
at intervals from house flies fed on cultures of vibrios of different types. 

2. Certain changes in colonial characters and morphology of the strains are 
recorded. 

3. No changes in fermentation reactions of the sugars used in Heiberg s 
classification were noted except a transient change in one case which was lost 
on subsequent sub-culture. 

4. No change of ‘ 0 ’ serological type was recorded in the case of V. chokiw 
or other strains. 

5. Changes in metabolic activity and in chemical type as determined b} 
the methods employed by Linton and his collaborators were found m the cas 
of many of the strains recovered from flies. 
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The observations given here are difficult to interpret in the light of our 
present Icnowledge of F. cholerce. No conclusions have, therefore, been drawn 
at this stage. 
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OBSEEVATIONS ON HAEMOLYSIS BY VIBRIOS. 


BY 

AMAR NATH GOYLE. 

{Fmn the Central Research Institute, KasaulL) 

[Received for publication, September 29, 1938.] 

In the present paper are recorded some of the results of investigations into 
the production of haemolysins by vibrios and their properties. 

Strains investicjated. 

(1) Basra I. — Isolated during cholera epidemic in Mesopotamia in 1931, 
and received at the Central Research Institute, Kasauli, on the 27th October, 
1933, through Dr. Cantacuzene. Agglutinated by serum produced with the 
Calcutta strain 353/3 but was inagglutinable with ‘ 0 ’ group I serum (Gardner 
and Venkatraman, 1935) ; belongs to Heiberg’s (1935) fermentation group II ; 
cholera-red reaction positive. 

(2) El Tor 34-D14. — Received from Mr. Bruce White, National Institute of 
Medical Research, London. Corresponds serologically with Ogawa sub-type of 
‘ 0 ’ group I. Heiberg group I. C R 

(3) El Tor strain. — ^No information available as to source. Group VI of 
Gardner and Venkatraman. Heiberg group II. C R -f-. 

(4) Rangoon ‘ rough ’. — A strain isolated from a case of cholera in Rangoon on 
the same plate as a typical agglutinable V. cholercc ; originally described as showing 
‘ rough ’ colonial characters but now typically ‘ smooth ’ and stable in broth. It 
is not agglutinated by ‘ 0 ’ group I serum ; serologically related to F. metchnihovi : 
Heiberg group I'l. C R -i-. 

(5) IF 2080.— Isolated on the 9th January, 1936, from tank water in Bengal. 
Inagglutinable with ‘ 0 ’ group I serum. Serological relationship with other strains 
available has not been shown. Heiberg group II. 0 R -f . 

(6) El Tor .D27.— Received from King Institute of Preventive Medicine, 

Madias. Serologically identical with Ogawa sub-type of ‘ 0 ’ group I. Heiberg 
group I. C R -f. . A" • fo 
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Observations on HcBmokjsis by Vibrios. 


{l) El Tor 1 {van Received from the King Institute, Madras. 

Serologically identical .with Ggawa sub-type of ' 0 ’ group I. H'eiberg group I. 

OR -{-• 

\ 

Experimental studies. 

Method emjiloyed for Quantitative Determioiation of Hcemolysin. 

For quantitative tests dilutions were made in multiples of two in 0’85 per cent 
sodium chloride solution. A series of small test-tubes, 8 to 10 in number, were 
set up and to each tube, except the first, a volume of sahne was added with a 
capillary pipette. One volume of the culture or filtrate to be tested was placed 
in the first and second tubes. The contents of the second tube were mixed by 
alternately drawing up and expelling a couple of times and a volume of the mixture 
was transferred to the third tube. This process was repeated for each tube. 
From the last tube of the series one volume was removed and discarded. The 
contents of the tubes correspond to dilutions of 1/1, 1/2 . . . 1/512. After- 
the dilutions were made, one volume of a 5 per cent suspension of goat’s washed 
red blood cells in saline was added to each tube. The tubes were shaken and 
placed in a water-bath at 37°C. for two hours after which readings were taken. 
The tubes were then kept in the refrigerator overnight and final readings 
taken in the morning. Control tubes with washed cells and saline and piedium 
were usually put up with each series. 


The Rate of Production of Hcemolysin. 

Tubes of Douglas broth were inoculated with a loopful of a twenty-four 
culture of the various strains. The cultures were tested for hsemolysis at 
varying intervals of time as shown in Table I. It will be noted that the 
strains behaved differently. With some strains the hsemolysin could be 
demonstrated in the culture within the first two hours but all were hfemolytic 
after four hours of incubation. During the four to twenty-four hour period the 
heemolysin increased rapidly and the maximum was attained between the 
second and third day of incubation. After remaining constant for a variable 
period the hmmolysin content began to fall gradually and ultimately disappeared 
altogether. 

That the capacity of different strains to produce hsemolysin varied considerably 
is also shown. Some strains such as Basra I and W 2080 produced very poten^ 
heemolysins ; others were weakly heemolytic. Strains which did not produce a 
powerful hsemolysin lost their hgemolytic activity earlier than those which were 
highly potent. Greig’s (1914) observation that maximum production of hiemo ysi 
occurs after three days’ incubation is probably true of most strains, 
occasionally one may come across a strain which does not show any_ hiemo y 
action on the third day. El Tor 1 is an example of this type. In view ° 
the best procedure is to examine the culture for hremolysis after anther 

incubation. If there is no haemolysis the culture should be incubated tor ^ j 
24 hours and then tested. If still negative, the test should be r p 
after a further period of 24 hours’ incubation. 
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Comparative experiments with ‘ rough ’ variants of Basra I and W 2080 have 
shown no significant difference in their haemolytic power as compared with the 
‘ smooth ’ parent strains. ‘ Bough ’ strains in the first few hours of incubation 
may be slightly weaker in- haenlolysin production but ultimately show the same 
degree of haemolysis as the ‘ smooth ’ ones. 

Table I. 

The effect of 'period of imuhaiion on the litre of the hcemolysin produced by 

seven vibrio strains. 


ISTEftV.VLS OP TniB. 


Strains. 

2 

p 

o 

4 hours. 

w 

C3 

i 

<0 

S' 

3 days. 

a 

•Y- 

5 days. 

0 days. 

7 day’s. 

9 days. 

10 days. 

Basra I 

1/4 

1/64 

1/236 

1/256 

1 

1/512 , 

1/512 

1/256 

1/256 

1/256 

1 

1/256 

1/128 

W 2080 

- 

1/8 

1/256 

1/256 

1/64 

1/64 

1/64 

1/64 

1/64 

1/16 

1/16 

Rangoon ‘ rough ’ . . 

- 

1/4 

1/8 

1/32 

1/16 

1/16 

1/16 

1/8 

- 

- 

- 

El Tor 34-D14 

1/32 

1/32 

1/128 

1/64 

1/64 

i 

1/32 

1/8 

1/4 

- 

- 

- 

El Tor .. 

- 

1/16 

1/128 

1/64 

1/32 

1/8 

1/8 

1/8 

1/8 

1/4 

- 

El Tor D27 

1/10 

1/32 

1/32 

1/8 

1/4 

1/4 

- 

- 

- 

-- 

- 

El Tor 1 

— 

1/16 

1/32 

1/4 

— 

— 

— 

— 

— 

— 

— 


The figures show dilutions of cultures which give definite hasmolysis. 


The Lytic Action for Red Blood Cells of various Animals. 

Many observers have noted that there is a marked difference in the suscept- 
ibility to hemolysis of erythrocytes of different species of animals. Thesaction of 
vibrio haemolysin upon the red blood cells of different species of animals was tested 
using red cell suspensions in a concentration of 5 per cent. Table II shows the 
results of these titrations. The results indicate that animals could broadly be 
divided into three groups : (a) those whose cells are extremely susceptible to vibrio 
hsemolysin, e.g., guinea-pig; (6) animals whose cells are moderately susceptible 
to vibriolysin, e.g., goat, sheep, and rabbit ; and (c) animals whose cells are much 
less susceptible, e.g., pigeon, monkey, man, and horse. It will further be noted 
from the table that there was no correlationship between the cholesterol or 
lecithin content of the erythrocytes and their susceptibility to the action of the 
hffimolysin. 

J, ME 
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Observations on Hcemolysis by Vih'ios. 


Table II. 

The litre of hoBmohjsin of five st7-cdns of vibrios agaimt suspensions of 
erythrocytes of different animal species. 


Strains. 

Species. 

Human. 

1 


Guinea-pig. 

Goat. 

Sheep. 

O 

tn 

u 

C 

0 

a 

to 

S 

Basra t . . 

1/64 

1/128 

1/512 

1/1024 

1/512 

1/512 

1/128 

1/128 

Rangoon ‘ rough ’ 

1/4 

1/8 

1/16 

1/128 

1/16 

1/32 

1/4 

1/8 

El Toe 

1/4 

1/4 

1/32 

1/32 

1/32 

1/32 

1/8 

1/4 

El Tor 34-D14 

1/8 

1/16 

1/04 

1/256 

1/64 

1/64 

1/16 

1/16 

W 2080 

1/32 

1/256 

1/256 

1/1024 

1/256 

1/256 

1/64 

1/64 

Cholesterol content* . . 

200-0 

151-6 

160-0 

120-3 

. • 

516-0 

230-0 


Lecithin content* 

420-0 

100-9 

420*0 



207-0 

•• 

153-4 

160-9 

•• 


* These figures represent mg. per 100 c.e., vide Ganguly (1937). 
Effect of Heat on the Hcemolysin of Vibrios. 


Broth cultures of the various strains were heated at 56°C. for ten, twenty, 
and thirty minutes and it was found that exposure to 56°C. for ten minutes was 
sufidcient to destroy the hmmolysin completely (Table III). Similar results were 
obtained with filtrates of htemolytic cultures. 

Table III. 


Effect of heat on the hcemolysin of vibrios. 




TITRE OF HiSEJIOLYSIS. 


Strains. 

1 

Heated at 56°C. 

FOB 

/ 

Unheated. 

10 minutes. 

20 minutes. 

30 minutes. 

Basra I . . 

1/256 

— 

— 

— 

W 2080 

1/64 

— 

— 


Rangoon ‘ rough ’ . . 

1/32 1 

1 

— 

■ — 

El Tor 34-D14 

1/128 

1 

— 


El Tor . . 

1/64 









A. N. Goyle. 


615 


FiUerabilily of Vibrio HCBmohjsin. 

The strain Basra I was grown in broth in a flask for three days at 37°C. and 
filtered through a Seitz filter or a Pasteur-Chamberland Lj candle and successive 
10 c.c. fractions were collected. The culture as well as the successive fractions 
were titrated simultaneously. In Tables IV and V are set out the results obtained. 


Table IV. 

The effect of filtration through Seitz E. K. discs of a licemolytic broth culture 
upon the litre of successive fractions of 10 c.c. each. 


Dn-UTIOX OF THE FILTRATE. 


Successive firac- i 


tions. 

1/1 

1/2 

1/4 

1/8 

l/ic 

1/32 

1/64 

1/128 / 

1 ‘ 

1/256 

[ 1/512 

S 1/1024 

1 

Broth culture un- t + + 
filtered. 

+ + 

; + + 

+ + 

i ++ ' 

( 


! 

++ 

i 

+ 

■ 1 

■f 1 

1 + 

- 

Through Seitz, first t 
10 c.c. 

- 

- 

- 

- 

1 

' - ! 

- 

- 

- 

- 

1 

- 

( 

Second 10 c.c. - . ' 

1 


d: 

- 

- 

: " 1 

! '" i 
i 

- 

- 

! 

‘ - 

- 

1 

Third 10 C.c. . . j 

1 

+ 

± 

- 

- 

! i 

i 

i 1 

- 

- 

- 

- 

- 

1 

Fourth 10 c.c. - . j 

i 


+ 

+ 


1 

1 ~ 1 

j 

1 

I 

- 

-- 

— 

1 

- 

i 

Fifth 10 c.c. . . 1 

+ 

+ 

+ 

+ 

1 

. ± 

1 

i 

- 

- 

- 

( 

( 

_ 

Sixth 10 c.c. 

-f 

"f 


+ 

1 

■f 

t 

1 

I 

± 

- 


- 

! 

i 

- 

Seventh 10 c.c. . . 

'f' 

! 

'h 

+ 

( 

1 

' + 


- 

- 

- 

1 

— 


Ifotes for Table TV and succeeding tables : — 

+ + = Complete hffimolysis without a trace of deposit of red blood cells. 

+ == Definite hsmolysis but partial with a alight deposit of red blood cells. 

± = A slight red discoloration of the supernatant fluid. 

— = ISo hsmolysia. Complete deposition of red blood cells with a clear supernatant fluid. 
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Table V. 


The effect of filtration through Pasteur-Chamherland L-i camlle of a hcemohjlic 
culture U 2 )on the litre of successive fractiois of 10 c.c. each. 


Successive frac- 

1 



Dilution 

OF THE FILTRATE. 



■ 

tions. 

1/1 

1 1/2 

1/4 

1/8 

1/lG 

1/32 

1/64 

1/128 

1/256 

1/512 

1/1024 

Broth culture un- 
filtered. 

-i- + 

-f + 

1 4--h 

+ + 

1 

+ + 

1 

1 

4- + 

-f-4- 

4- 

4- 

-L 

- 

Through Kieselguhr 

+ 4- 

-i-4- 

4- 

+ 

4- 

4- 

+ 

— 

— 

— 

- 

Through Lj, first 
10 c.c. 

+ + 

+ + 

4- 

4- 

+ ! 

1 

4- 

± 

— 

— 

— 

— 

Second 10 c.c. 

-j- 

4- + 

+ 

4- 

4 - 

4- 

1 

1 i 

— 

I 

— 

— 

Third 10 c.c. 

-f + 

4-4- 

4- 

4- 

4 - 

4- 

4 - 

— 

— 

— 

- 

Tourth 10 c.c. . . 

+ -h 

+ + 

i + 

4- 

+ 

4- 

4 - 

— 

— 

— 

- 

Fifth 10 c.c. 

+ + 

4-4- 

n- 

+ 

4 - 

+ 

+ 

— 

— 

— 

— 


See notes under Table IV. 


The first fraction passing through the Seitz filter was generally devoid of 
any haemolytic power. The subsequent fractions showed increasing degrees of 
haemolytic action but they did not equal that of the original broth culture. It 
will be noted that the seventh fraction showed only a titre of 1 in 16. Chopra and 
Roy (1938) working with vibrios and streptococci state their opinion that the 
haemolysin is removed by the Seitz filter. Adsorption of the haemolysin in some 
degree does occur and it is probable that if larger quantities had been filtered and 
if the cultures had shown a higher haemolysin content a proportion of the haemolysin 
would have passed through the filter as has been found in the experiments 
reported above. 

When the culture was filtered through a Pasteur-Chamberland L3 candle 
there was no marked difference in the haemolytic titre of the first sample an 
the last, i.e., fifth sample of the filtrate. There was. however, a considera e 
reduction in the haemolytic power of the broth culture as a result of hjtra ion. 
With the Berkefeld N filter the haemolytic titre was also reduced but it w 
noticed that these filtrates were much more potent than those 
a Seitz or a Pasteur-Chamberland filter. They were active in a diiu ion 
1 in 256. 

Similar results were obtained with the strain W 2080. 

The results show that, although definitely filterable, the 
adsorbed on the filtering disc or candle but this adsorption varies wi 
of candle used, being most marked in the case of Seitz discs. 
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The Effect of Antiseptics on Vibrio Hmnolysin. 

The action of formalin in concentrations of OT per cent and 0‘2 per cent and 
of 0-5 per cent carbolic acid on the potency of the hremolysin was studied. 
Mixtures of antiseptics and filtrate {Pasteur-Chamberland Ls) of broth cultures 
were kept both in the incubator and in a refrigerator maintained at a temperature 
of 5°C. The haemolytic action of the mixtures was tested in the usual manner 
at varying intervals of time. The results of one such experiment are shown in 
Table VI. Similar results were obtained with broth cultures. 

Table VI. 

Infiiience of antiseptics and temperature upon the rate of loss of Immolijsin of 
Basra Z3 filtrate. Original litre 1/64. 


Intervals of time. 



3 days. | 

1 

6 days. 1 

9 days. | 

13 days. 

16 days. 

20 days. 


zrc. 


37°C. 

S^C. 

zrc. 

S'C. 

37"C. 

5^C. 

' 37V. 

1 ' - ■ 

5“C. 

37’C. 

S’C. 

Basra L, filtrate. No 
antiseptic. 

1/32 

1/32 

1/8 

: 1/32 

1/8 

; 1/32 

1 

1/4 

1/32 

1/4 

1/32 


1/32* 

Basra Lj filtrate OT 

per cent formalin. 


1/33 

1/2 

1/16 

1/2 

1/16 

1/2 

1/16 

1/2 

1/16 

1/2 

1/16 

Basra L. filtrate 0-2 per 
cent formalin. 

1/2 

1/16 

— 

1/16 

— 

1/16 

— 

1/16 

— 

1/16 

- 

1/16 

Basra Lj filtrate + 0'5 
per cent carbolic acid. 


1/32 

— 

1/32 

— 

1/32 

— 

1/32 

— 

1/32 


1/32 


See notes under Table IV. 


It will be noticed that the addition of antiseptics did not cause much loss of 
the hoemolysin at low temperatures but on the other hand there was a very rapid 
deterioration of the hemolysin at STT. The hemolytic filtrate to which no anti- 
septic was added also showed a loss of its activity at 37°C. but the addition of an 
antiseptic caused a great acceleration of the rate of loss of the hsemolysin. 

Neutralization of the Vibrio Hoemolysin by Anti-hcemolytic Sera. 

The anti-hsemolysin used in the following experiments was prepared against 
the strain Basra I by repeated intravenous injections into rabbits of the supernatant 
fluid obtained by centrifuging a three days’ old broth culture. The injections were 
made on alternate days commencing with 0*1 c.c. and ending with 1*5 c.c. Blood 
was taken by cardio-puncture on the seventh day after the last injection and avain 
after a days rest. _ The immunization of the same animal was continued for°the 
purpose of obtaming further supplies of the serum. 
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Table VII. 

A prehmimry test to obtain the suitable range of testing the neutralizinq 

power of the antisertm. 


Basra serum dilution. 

j 

Dilution of Basra I culture. 

1/1 

1/2 

1 

1/4 

1/8 

; 

1/16 

1/32 

1 in 20 

— 






1 in 25 

~ 1 

_ 1 

_ 




1 in 30 

1 

+ i 
1 

j 

1 

— 

— 

— 

- 


See notes under Table IV. 




Time allowed for antibody-antigen reaction was 
water- bath. 

one hour at 37°C. in the 


Table VIII. 




Neutralization of hcemolysin oj Basra I by antiserum. 



Dilutions of the hjemolytic cultube. 


Serum dilutions. 

1 

IT 

1/2 

1'4 

1 1/8 

1 

1/16 

1/32 

1 1/64 

1/128 

j 1/256 

1 1/512 

1 1 / 1024 ' 

Control one volume 
of broth. 

+ -b 

+ -I- 


-b-b 

-b-b 

-b-b 

+ + 

-b 

-b 

-b 

± 

1 in 26 normal 
rabbit serum. 

-f--b 

+ + 

-b-b 

"h 4" 

-b-b 

-b-b 

-b 

-b 

-f 

± 

- 

1 in 26 Basra I 

_ 











serum. 












1 in 27 normal 
rabbit serum. 

+ + 

-b-t- 

-b-b 

-b-b 

-b-b 

+ + 

-b 

-b 

-b 

± 

■- 

1 in 27 Basra I 












serum. 












1 in 28 normal 
rabbit serum. 

+ + 

-b-b 

-b-b 

+ + 

-b-b 

-b-b 

J- 

1 

-b 

-b 

± 

- 

1 in 28 Basra I 
serum. 


_ i 

— 

— 

— 

— 

— 

— 

— 

— 

- 

1 in 29 normal 
rabbit serum. 

+ 4- 

-b-b ' 

+ + 

-b-b 

-b-b 

-b-b 1 

1 

-b 

-b 

-b 

± 

— 

1 in 29 Basra I 

-t ' 

i 

— 1 










— 

serum. 






j 






1 in 30 normal 
rabbit serum. 

+ + i 

+ -b 1 

-b-b 

-b-b 

-b-b 

-b-b 

+ 

-b 

-f 

± 

— 

1 in 30 Basra I 

-1- 



_ 

_ 


_ j 

_ j 



— 

— 

- 

serum. 






} 

i 




__ - 


See notes under Table IV. 
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In testing the combining power of the antiserum with the hsemolysin the 
following method was adopted. Dilutions of the culture or filtrate to be tested 
were made as described in the earlier part of the paper. To each tube of the set 
containing a volume of the dilution of the broth culture an equal volume of a serum 
dilution was added. Mter incubation at 37°C. for one hour to allow the antibody- 
antigen reaction to occur one volume of 5 per cent suspension of washed goat red 
blood corpuscles was added to each tube. The mixtures were well shaken and 
then placed in the water-bath at 37°C. for two hours after which they were trans- 
ferred to the refrigerator until the following morning when readings were taken. 
A preliminary test, as shown in Table VII, was carried out to determine the 
approximate range of the serum dilution which would be required to neutralize 
the hasmolysin of a given culture. For this purpose dilutions of sera with wide 
range were used. Later, a more accurate titration was made within a narrower 
range. 

The possibility of some degree of inhibition of haemolysis occurring due to 
normal serum proteins had to be considered before attempting quantitative 
estimation of neutralization. A preliminary test was, therefore, undertaken with 
normal rabbit serum on the degree of inhibition which was produced. The 
protective action of the normal serum was most marked with the undiluted serum 
and it became progressively weaker and weaker until with a dilution of 1 in 40 no 
marked inhibitory efiect was observed (Table IX). 

Tablk IX. 


Showing the inhibitory effect of the normal rabbit serum on the hcsmolytic 
action of BerkefeU filtrate of Basra I. 


Babbit serum. 

UlUTTION or THE PILTKATE. 

1/1 

1/2 

1/4 

1/8 

1/16 

1/32 

1/64 

1/128 

Control witb broth 

-H- 

++ 

++ 

+ + 

+ 4- 

+ 

-b 

-b 

Undiluted serum 


+ 

- 

- 



— 



Serum diluted 1 in 5 

+ + 

-b-b 

+ 

-b 

+ 


— 


Serum diluted I in 10 

+ + 

+ + 

++ 

+ 

4- 


— 

— 

Serum diluted 1 in 20 

{ 

+ + 

+ -b 

-b+ 

+ 

+ 

U- 

-u 


_ 

Serum diluted 1 in 10 




-f -h 

-b 

+ 

4" 



4" 

— 


See notes under Table IV. 


The allowance for inhibition by normal serum was arrived at in the following 
manner. For example, in one experiment (Table VIII) Basra serum diluted 1 in 
27 caused total neutrahzation of the hemolytic action of the culture and the m h d 
of the culture m the presence of normal rabbit serum in a dilution of 1 in 
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1 in 256. Therefore, 1 in 27 antiserum neutralized 256 m.h.d. and not 512 m.h.d. : 
1 in 512 being the m.h.d. of the culture in the absence of normal rabbit serum. To 
avoid this source of error parallel sets of the normal rabbit serum of the same dilution 
as the antiserum were also put up in all the neutralization experiments. 

In order to determine whether the hsemoly sins "produced by the vibrios imder 
investigation were homologous tests were put up in the same manner as indicated 
in Table VIII. The results showed that with the exception of one strain the anti- 
haemolytic serum produced against Basra I neutralized the haemolysins of other 
strains, namely, W 2080, El Tor, and El Tor SI-DH. The results were as follows 


Strain. 

^ Dilution giving 

1 definite (-p) 
haemolysis. 

1 

1 

Dilution of antiserum 
(Basra I) required for 
complete neutrah'zation 
of the htemolysin. 

Basra I . . 

1 

1 in 256 

1 in 27 

W 2080 

1 in 256 

1 in 31 

El Tor 3*1-014 

1 in 32 

1 in 225 

El Tor . . ^ . , 

1 in 16 

1 in 450 

Rangoon ‘ rough ’ . . 

1 in 32 

1 in 74 


It will be seen that the quantity of the antiserum required for neutralization 
varies directly with the haemolytic titre of a culture. In other wotds, a strongly 
haemolytic strain requires more serum for neutralization than a weakly haemolytic 
strain. El Tor, for example, is a weakly haemolytic strain which did not cause 
haemolysis of the erythrocytes in a dilution higher than 1 in ^ 16, while Basra 
culture is haemolytic at a dilution (1 in 256) which is sixteen times greater and 
El Tor requires for the complete neutralization of its haemolysin antiserum in 
a dilution of 1 in 450 which is roughly one-sixteenth of the dilution of antiserum 
required for the complete neutralization of the Basra haemolysin. Similarly, El lor 
34-D14 which has a haemolytic titre of 1 in 32, that is one-eighth of that of Basra , 
is completely neutralized by a dilution of 1 in 225 which correspohds to one 
eighth of the dilution required to neutralize Basra I. In the case of these s rains 
neutralization by the antiserum of Basra I is in proportion to quantitative pro uc 
tion of haemolysin as judged by effective dilution. There was, however, one s rain, 
Rangoon ‘rough’, which behaved differently. The haemolytic titre 
was 1 in 32, i.e., one-eighth of that of Basra I. If the haemolysin produce y 
strain was exactly homologous with that of Basra I the ^ 

serum for neutralization would be 1 in 216 but actually it required a i 
of 1 in 74. 

Greig (he. cit.) in studying the neutralization of the haemolysin of 
anti-haemolytic sera was unable to obtain definite evidence of the 
nature of the vibrio hmmolysins. He found that whereas the serum p 
against a strain neutralized the haemolysin of that strain completely i attributed 
a partial neutralizing effect on the haemolysin of another strain, ris 
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tWs partial neutralization to the protective action of normal rabbit serum. It 
appears from a study of the protocol No. _6 of his experiments that differences m 
the hEemoIytic titres of the strains investigated had not been taken into account 
in calculating the amount of serum required for the complete neutralization ot 
their haemolytic action. At the same time, while it appears that several ot the 
strains now tested produce hseniolysins of homologous nature, the results with 
Rangoon ‘ rough ’ suggest that some strains may differ in their hiemolysms. 

It may be noted that complete neutralization of the ha3molytic action of the 
Basra I filtrate was also obtained with anti-haemolytic serum prepared by injections 
of the culture which shows that the protective action of the antiserum is not due _ 
to its interference with bacterial activity. 

It may also be pointed out that a serum prepared against a tyjiieal agglutin- 
able V. cliolem has no neutralizing action apart from that which cannot he 
attributed to the inhibitory effect of a normal rabbit serum. 


Deterioration of Ecemolysin. 

It was shown in an earlier part of this paper that the haemolytic titre of a 
culture after reaching its maximum undergoes a gradual diminution if kept at 
incubator temperature. It was obviously desirable to inyesti^te this aspect of 
haemolysin more closely. A haemolytic culture with an initial titre of 1 in 512 was 
divided into two parts in test-tubes, one of which was kept at 37°C. and the other 
in the refrigerator. The haemolytic titre was tested at weekly intervals with the 
result shown in Table X '. — 


Table X. 

The litre of the hcemolysin of Basra I at different temperatures and 
varying intervals. Initial litre of 3 days’ old broth 
culture was 1 in 512. 



TitEE of H.EJXOLysIX. 

Intervals of time. 




37°0. ‘ 

{ 

1 j 

Refrigerator. 

First week 

t 

1 in 256 

1 in 612. 

Second week 

1 in 33 1 

t» 

Third week 

0 

it 

1 

Fourth week 

0 1 

” 
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It will be noticed in tbe above table that there is a progressive reduction in 
the titre of vibrio hteniolysin at 37°C. Experiments were made to determine the 
cause of this deterioration. In view of the work of Neil and his co-worker (1926) 
on the oxidation and reduction of hmmoiysins it appeared that the inactivity of 
old broth cultures of vibrios might be due to oxidation. 

Experiments were first made to determine whether an inactive product could 
be obtained by exposing an active broth culture to air. This was done in an 
Erlenmeyer flask which contained a shallow layer of the active hsemolytic broth 
of which the titre was ascertained. This was exposed to air at 37°C. for three 
hours. There was no reduction in the hremolytic power as a result of this 
treatment. 

In another experiment oxidation of the haemolysin was attempted by blowing 
air into a tube of broth culture through a sterile pipette plugged with cotton-wool 
for half an hour but without any effect. 

In order to determine whether deterioration of hcemotoxin could be inhibited 
by lack of oxygen the following experiment was made. A haemolytic culture with 
a titre of 1 in 1,024 was placed in glass ampoules which were filled to the neck leaving 
as little air as possible. One of the ampoules was kept at 37°C. ; the other in the 
refrigerator. After two months’ storage the ampoule kept in the incubator was 
found to be devoid of any haemolytic activity, whereas the other stored in the 
refrigerator was active in a dilution of 1 in 512. 

Experiments were then made to determine whether the inactive product 
obtained by allowing the culture to age in the incubator could be re-actiyated 
by the action of reducing agents as has been done in the case of haemolysins of 
pneumococcus, streptococcus, etc. A haemolytic culture with an initial titre ot 
1 in 512 was kept in the incubator at 37°C. On the 20th day when it showed no 
haemolysis even undiluted, 5 milligrams of sodium hydrosulphite were added to 
5 c.c. of the broth and covered with vaseline and incubated at 37°C. This method 
of treatment had no effect in restoring haemolytic activity. 

The experiments described above make it clear that the deterioration of the 
haemolysin of vibrios is not dependent upon its oxidation as is the case with 
haemotoxins of other organisms such as pneumococcus, streptococcus, etc., and tha 
the inactive vibrio culture cannot be re-activated by the action of reducing agen s. 


Discussion. 

It is important to consider the question of the nature of haemolysins 
A distinction is usually drawn between the lysis of red blood cells caused by nc 
lysins which exhibit antigenic properties and that caused by other su s ^ 
bacterial origin which are not antigenic. The latter may be of 
may be of the nature of enzymes, e.g., Orcutt and Howe (1922) isolate 
a streptococcus the haemolytic action of which was found to be due to e 
of a fatty acid and soap formed by a lipase acting upon the fat con ain 
medium. Other substances such as acids produced during the growth o _ a » j^jgg 
may have a similar action. A bacterial hsemotoxin is a haemolysin w ic 
a true toxin in that it (1) is thermolabile, (2) is antigenic, and (3) is ru era 
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{loc. cit.) in applying these criteria to the hsemolysins of the cholera-like vibrios did 
not arrive at any definite conclusion. The results of experinipts presented in this 
paper indicate that vibrio hiemolysin is an exotoxin. It is found in the fluid 
part of young broth cultures and does not appear to result from autolysis. 
Furthermore, these hajmolysins are filterable though it -was noticed that thep 
was a certain amount of adsorption during the process of filtration. The vibrio 
hemolysin was found to be antigenic, that is to say, a hsemolytic culture on 
parenteral injection gave rise to antibodies in the serum of an animal which were 
capable of neutralizing the hsemolysin in vitro. It has also been shown that 
the vibrio htemolysin is extremely sensitive to heat. It will thus be seen that 
the haemolysin of vibrios fulfils all the criteria of an exotoxin and, therefore, 
must be regarded as a true exotoxin. 


Summary. 

1 . The rate of production of hemolysin by vibrios varies with different strains. 
It has been confirmed, as found by Greig, that maximum production of haemolysis 
occurs after three days’ incubation with most strains but the existence of weakly 
hsemolytic strains which lose their hsemolysin during this period of incubation 
makes it necessary that hsemolytic tests should be performed at successive 24-hours 
intervals. 

2. The red blood cells of different species of am'mals show great differences 
in their sensitiveness to the hsemolysin, those of the guinea-pig being most 
sensitive. The red blood cells of goat, sheep, and rabbit were next in order, and 
were all three susceptible in about the same degree. The cells of the pigeon, monkey, 
horse, and man were much less susceptible. There does not appear to be any 
correlation between the cholesterol or lecithin content of the cells and their 
sensitiveness to the action of hEemolysin. 

3. The vibrio hsemolysin was found to be filterable, the most potent filtrate 
being obtained through a Berkefeld filter. It was also filterable through Pasteur- 
Chamberland L 3 candles and Seitz E. K. discs. A certain amount of adsorption 
occurred on all these filters and it was necessary to pass considerable quantities of 
culture through in order to obtain an active filtrate. 

4. The haemolysin of vibrios was found to be completely destroyed both in 
culture and filtrates by heating at 56°C. for ten minutes. 

5. Hffimolytic action is rapidly lost if cultures or filtrates are kept at 37°C. 
The resulting deterioration has not been found to be due to oxidation as in the 
case of pneumococcnis and streptococcus hfemolysins. 

6 . The hffimolysin of filtrates and cultures remains active for prolonged 
periods when kept in cold storage with or without the addition of antiseptics such 
as 0-5 per cent carbolic acid and 0-2 per cent formalin. 

J A quantitative cross neutralization of the hemolysin 

of different strains with an immune serum prepared against a hsemolytic strain is 
fairly constant. The results with the strains tested indicated that the hsemolysins 
they produced were of homologous nature. Slight quantitative differences were 
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shown. Immune sera prepared against non-heemolytic strains (typical V. diolem) 
did not show this neutralizing action. 
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Bacteria in general derive the energy required for their growth and multi- 
plication from the medium constituents which in their turn are reduced. As a 
result there are set up definite electrode potentials in cultures, although the exact 
mechanism of such electrode potentials is yet unlcnown. Many references will now be 
found on the subject of oxidation-reduction potentials of difierent bacterial systems. 
Tuttle and Huddleson (1934) reported on the oxidation-reduction potentials of the 
Brucella strains where they failed to distinguish the three types of Brucella by their 
potential curves in liver infusion broth. But they did observe a marked difference 
among them when bacteriostatic dyes were added to the medium. Burrows and 
Jordan (1935) substantiated the serological classification of the Salmonella group 
by their studies on oxidation-reduction potentials. They showed that the poten- 
tial curves of the various species of the Salmonella groitp when grown in nutrient 
broth are significantly different from one another and are constant for each species. 
These were 8. cholera suis, 8. paratyphi A, 8. typhi, 8. paratyphi B, 8. 8chottmuller, 
and 8. enteridis. 

Linton and his collaborators have published a series of papers on the classifica- 
tion of cholera organisms and related species on the basis of their chemical composi- 
tion and also on their metabolic activities. It was thought desirable to work on 
the oxidation-reduction potentials of these organisms, which are at the basis of their 
synthesis, and the present paper is an accoimt of the work done on that line. 

Materials and methods. 

The instrument employed for measuring the electrode potentials and pH values 
of the cultures is a Cambridge electrometre valve combined potentiometre and pH 
metre, and is very convenient for the purpose. The elaborate arrangement of the 
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diverse parts, sucli as potentiometre, galvanometre, electrometre, standard cell, 
etc., needed for the work of this kind are all packed in a small box with proper connec- 
tions, thereby greatly simplifying the measurements of potentials and pH values. 
The readings are given in millivolts and are correct to ± 0-01 mvt. 

One c.c. of 18 hours’ peptone-water culture of the organism was inoculated into 
100 c.c. of 1 per cent peptone water buffered with a phosphate at a pH of 7-6 to 7-8 
and contained in a 200-c.c. lipless beaker. The beaker was closed with a tight-fitting 
rubber cork having four holes in it. Platinum wires were sealed to the ends of two 
narrow-bored glass tubes which were passed separately through two holes to form 
two separate electrodes. The contact was made with mercury filling the glass tubes. 
Through another hole was passed a .small tube into which had been blown a 
perforated bulb which served as an outlet for gases that might be formed in the 
culture. An agar bridge was fitted into the fourth hole. All necessary connections 
for readings were subsequently made and precautions were taken at all stages 
against contamination. The arrangement of the entire operation has been 
shown in Plate XI. The organisms were placed in an incubator at 37°C. and 
periodic observations were made with the two platinum electrodes separately. 
Simultaneously, the test organisms were grown in similar media and the changes" 
in the pH values were observed at definite intervals as the organisms grew, by 
means of quinhydrone electrode in the same apparatus. 


Experimental. 

In all, 36 vibrio strains derived from various sources and composed of six 
strains from each of the six chemical groups were examined. It was found that 
initially the potentials of all the strains were more or less the same. In about six 
hours the potential fell down to the minimum and was dift’erent in different 
groups but was very nearly the same for the strains of each individual group. 
After six hours of incubation the potential began to rise gradually till it reached 
its maximum in about thirty hours, and thereafter the potential usually remained 
stationary up to a period of 76 hours when the experiment was terminated, n 
should, however, be mentioned that after the potential had reached the minun^^ 
level some fluctuations were observed in the potentials of several strains, rue 
lower and upper hmits of the end-points of the curves reached by the strains o 
each group were as follows : — 


Chemical group. 

Range of Ej^ in millivolts. 


r I 

+ 400 to + 450. K 

Protein I • 

II 

+ 350 to -t- 400. 


Vl 

+ 300 to + 400. 


I IV 

-f 250 to -f 300. 

Protein II ■ 

III 

+ 200 to -1- 300. 


V 

200 to + 250. 



Plate XI. 

Showing the potentiomelre in operation. 



A. Cambridge electrometre valve combined potentiometre and pH metre. 

B. Battery. 

C. Culture beaker fitted with duplicate electrodes, agar bridge, etc. 

D. Calomel glass electrode. 

E. Hydrogen glass electrode. 

F. Commutator. 
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From tlie above figures it is apparent that tbe potential curves are distributed 
well over a range, thereby rendering it difiScult to differentiate the vibrio strains from 
one another. But when the average curves of the strains belonging to different 
chemical groups are plotted they are certainly different from one another as will 
be seen from Graph 1. It is also interesting to note that the range of end potential 
exhibited by the strains of groups I, 11, and VI is from 300 to 450 millivolts and 
is higher than that shown by the strains of groups III, IV, and V, which is from 
200 to 300 millivolts. Vibrio strains belonging to the former three groups are 
characterized by their possession of protein I, whereas those belonging to the 
latter three have protein II. The t^vo vibrio proteins have been shown to be 
structurally different (Linton, Mitra and Shrivastava, 1934 ; Mitra, 1936) and this 
fact has been further corroborated by the present observation on oxidation- 
reduction potentials. 

Graph 1. 



Showing tho relation of the characteristic oxidation-reduction potentials of six chemical groups of vibrio 

The average potential curves seem to indicate that the vibrio strains of different 
chemical groups are different, and are consistent with the fact that the vibrios have 
Merent metabohc activities (Linton, Mitra and Mullick, 1936o and b). It is well 
known that the shape of a potential curve may be greatly modified by changing the 
m^um or by introducing different dyes in the same substratum, so that bv usintr 
Afferent media other than that used it maylbe possible to effect a marked 'change 
m the electrode potentials. Further work on this line is therefore necessary. 
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Another point whicli emerges out of the study of tlie graph is that soon after 
inoculation the'potential commences to fall and a minimum value is reached in about 
six hours ; this is apparently the so-called lag phase of the growth of the organisms 
under the conditions of the experiment. During the process of metabolism after 
this period the potential gradually rises corresjionding to the logarithmic phase when 
the organisms begin to multiply and in about thirty hours’ time they reach about 
a stationary level, indicating the cessation of active multiplication. This also 
s^SS^sts that to get the maximum amount of growth of a vibrio culture in 1 per cent 
peptone water 30 hours’ growth is quite sufficient for the purpose. 

The observations made on changes in pH in vibrio cultures in 1 per cent 
peptone water are given below. The range of variation of pH given in the table 
shows the lower and higher limits indicated by some of the organisms irrespec- 
tive of their chemical groups. 


1 

] 

1 Initial. 

6 hours. 

24 hours. 

48 hours. 

72 hours. 

pH figures . . 

7-&— 7-8 

7.0— 7-4 

, 7-5— 7-8 

7-9— 8-1 

8-1— 8-4 


The change in pH values offers an interesting study. Although all the organ- 
isms do not have the same change in pH, the general trend of fall and rise is, 



Time in hours 

Showing the general trend of variation of pH in vibrio cuJtures. 
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however, similar in all cases. There is a definite fall in alout six hours’ time and 
then a gradual rise up to 72 hours, after which no further readings were taken. 
This has been graphically represented in Graph 2 showing three curves, viz., the 
lower limit, the upper limit, and the average curves. 

It is interesting to note that the pH curves have a great similarity with the 
potential curves except that the latter almost cease to rise after 30 hours, whereas 
the. former slowly rise till at least 72 hours. Another point of difference is that, 
while the potential curves are different for vibrios belonging to the different 
chemical groups, such is not the case with the pH curves. 

It is now known that the lag phase of an organism is the one when the organism 
is at its maximum of metabolic activities (Topley and Wilson, 1936) and thus 
corresponds to the minimum electrode potential and fall in pH. After this 
period when the organisms have fully adapted to the medium and environment 
including the pH, they begin to multiply and are attended with a gradual 
increase in pH as well as in potential. - 


Summary and conclusion. 

1. The electrode potentials of vibrio cultures in 1 per cent peptone water 
buffered with a phosphate at pH 7-6 to 7-8 were measured by means of a 
Cambridge electrometre valve combined potentiometre and pH metre. 

2. The potential curves of the organisms studied for each individual chemical 
group were more or less distributed over a range. The average potential curves of 
the organisms belonging to different chemical groups were, on the other hand, 
different from one another. 

3. Organisms containing protein I usually had higher electrode potentials 
than those containing protein II. 

4. Under the conditions of the experiment the electrode potentials fall down 
to minimum in about six hours and then gradually rise up reaching the TnaxiTnnm 
in about thirty hours. 

• 5. The fall in electrode potentials corresponds to the so-called lag phase of 

the growth of the organisms and is characterized by having low pH in the 
medium. 

6. The pH values rise along with the increase in potentials and unlike the 
latter affect all organisms in a general way irrespective of their chemical groups. 
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The human organism requires daily a certain quantity of food to support 
bodily activity, the quantity required being dependent on such factors as age, sex, 
climate, and the amount of work done. The problem of establishing satisfactory 
average standards of calorie standards, applicable to groups, has received much 
attention. As far as Western populations are concerned, the standards suggested 
by the League of Nations’ Technical Commission on Nutrition (1936), which apply 
to the various age and sex groups and indicate the corrections to be made according 
to the amount of work performed, may presumably be accepted as satisfactory 
for practical nutrition work. It is, however, doubtful whether the League of 
Nations’ standards can be adopted without question by the nutrition worker in 
the East, who is concerned with populations of a different type living under different 
conditions. 

Aykroyd and Krishnan (1937) suggested that the minimmn daily calorie 
requirements of a South Indian peasant are in the neighbourhood of 2,500. In 
Health Bulletin No. 23 (1936), the minimum calorie needs of an average Indian 
man, ‘ engaged in ordinary easy-going agricultural or coolie work are assessed 
at 2,500 to 2,600 calories per diem. These figures are some 10 per cent below 
the League of Nations’ standard for a man engaged in ‘ moderate ’ work. They 
refer to ‘ food actually eaten ’, the calorie value of which is calculated from the 
tables given in the Health Bulletin. 

In order to carry out diet surveys in which the food intake of families of 
varying age and sex composition must be compared, it is necessary to use a scale 
of co-efficients in which the energy requirements of women and children of 
various age and sex are stated in terms of those of an adult man. Estimates 
of the calorie needs of children are also necessary for preparing diet schedules 
for children’s institutions. Eor these purposes the Nutrition Research 
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Calorie Reqidre^nents of South Indian Children. 


Laboratories bave so far employed the scale recommended by tbe League of 
Nations’ Health Organization (1932), which is given below : — ” 


Age. 

Male.- 

Co-efficient, 
both sexes. 

Female. 

Over 60 

. • 

0-8 


14 to 69 

10 


0-8 

12 and 13 


0-8 


10 ,.11 


0-7 

• - 

8 „ 9 


0-6 


6 „ 7 

• - 

O-o 


4 „ 5 


0-4 


2 „ 3 


0-3 


0 to 2 


0-2 



These co-efficients are adopted in Health Bulletin No. 23 for estimating calorie 
requirements, the figure 2,600 representing the needs of an adult man. The 
resulting scale is as follows : — 


Adult male (over 14) 

2,600 

„ female „ 

2,080 

Child 12 and 13 years 

2,080 

„ 10 „ 11 „ 

1,820 

,, 8 ,, 9 ,, 

1,560 

)f ^ 7 »» • * 

1,300 

4 ,, 5 ,, 

1,040 

2 „ 3 ,, 

780 

„ 0 to 2 „ 

620 


The actual calorie intake oe children. 

It has been fully recognized that the above co-efficients and calorie equivale^^ 
are conventional and may differ from actual intake in certain age 
throw light on this question, an investigation to determine food ^ Madras 

age levels was undertaken. ' A boys’ boarding school in f \ were 
Presidency, containing about 150 children, w^s chosen. AU tne 
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examined, and none showed any signs of deficiency disease. They appeared to 
be a healthy and active group of children on the whole, and the medical authorities 
of the school were satisfied with their general health. The diet was vegetarian. 
The staple cereal was rice, which was either lightly milled or home-pounded. Eagi 
was usually consumed once a day. The supply of fresh vegetables, fruit, and n^ 
appeared adequate. The cliildren were cUvided into five groups corresponding 
to five age periods of the above scale, all the available children being included. 
The children below 2 could obviously not be included in the investigation, and 
the ages of children above 11 could not be verified with any accuracy. The five 
groups consisted of children of the following ages : — 

1. Two and three, 3. Six and seven. 

2. Four and five. 4. Eight and nine. 

5. Ten and eleven. 

The following method was adopted to determine calorie intake in the various 
groups. Special kitchen arrangements were made so that the food of each group 
was kept and prepared separately. A record of raw food issued to each of the 
groups was made, and the raw food was weighed before cooking. The children 
were fed xmder the direct supervision of the author and were allowed to consume 
as much as they wanted. Any food left over was used the next day by the same 
group and thus no food issued was thrown out and wasted. The children belonging 
to the various groups were not allowed to mix with one another during meals and 
no interchange of foodstuffs was allowed. This arrangement continued for a week. 
On the last day of the week, any cooked food left over was weighed. Total int^e 
per day in each of the groups was calculated and this was divided by the number 
of children in each group to give the average daily consumption per head. 

Table I shows calorie intake as worked out from data given in Health Bulletin 
No. 23. Eigures for intake of proximate principles, calcium, and phosphorus are 
also included. 

Table I. 


Per capita intdJce of calories, etc., in the various groups. 


j 

Age. 

Number of 
children. 

Calories. 

Protein, 

1 

1 

Pat. 

! 

Carbo- 

hydrate. 

Calcinm, 

1 

Phosphorus. 

2 and 3 . . 

17 

870 

j 

32 

i 

1 

32 

i 

109 

0-89 

0-81 

4 5 .. 

18 

1 

1,U0 

38 

42 

151 j 

0-92 

0-95 

6 7 .. 

18 

1,300 ' 

44 

39 

1 

190 

1-08 

1-06 

8 „ 9 .. 

29 

1,600 

42 

28 

293 

0-95 

0-99 • 

10 „ 11 .. 

25 

1,760 

46 

29 

326 

1 

0-98 

1-07 
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In Table II observed calorie intake is compared with the Health Bulletin 
standards. 


Table II. 


Observed calorie inlaJce compared with standard. 


Age group. 

H. B. 
standard. 

Actual 

intake. 

Difference, 
per cent. 

2 and 3 . . 

780 

870 

+ 11 

4 5 .. 

1 

1,040 ! 

1 

1,140 

+ 10 

6 „ 7 .. 

1,300 

1,300 

Nil. 

8,9.. 

1,560 

1,600 

+ 3 

10 „ 11 .. 

1,820 

1,760 

- 3 


In general the observed figures for energy intake correspond well with those 
given in Health Bulletin No. 23 for ages above 6. As regards younger age groups, 
it would be preferable to assign a co-efficient of 0-35 for 2 and 3, and 0‘45 for 4 and 
5. The present investigation, however, suggests that the scale of calorie require- 
ments and consumption co-efficients now in use is sufficiently accurate for practical 
purposes, — ’i.e., for calculating food intake per consumption unit or adult man m 
dietary surveys and for drawing up dietary sche'dules — , and its continued use may 
be recommended. The investigation reported here deals only with boys, while 
in the scale of co-efficients at present in use the energy needs of boys and girls 
are assessed at the same figure. A study of the intake of girls of various ages is 
therefore desirable. 

Discussion. 

Calorie intake figures given in this paper are based on the calorie value of the 
edible portion of raw foods as listed in Health Bulletin No. 23. The Bulletin 
values were obtained from the chemical determination of protein and fat conten , 
carbohydrate content being calculated by difference. For this purpose e 
following co-efficients were employed : — 

Calories. 

One gramme protein = 4 

„ „ carbohydrate = 4 

„ „ fat = 9 

These are sometimes known as Atwater’s co-efficients and represent a 
tion of Kubner’s co-efficients (4T ; 4T ; and 9-3, respectively). They are e o 
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to allow for the fact that neither the digestion of foods nor their subsequent 
assimilation is accomplished with complete theoretical efficiency. Bigwood (1938) 
states that ‘ by applying these co-efficients to the quantities of energy-bearing 
principles contained in the food actually ingested, as calculable in individual or 
family-cum-individual weighing investigations, it is possible to obtain a true 
assessment, requiring no further modification, of the physiologically effective heat, 
i.e., of the net calories in the diet’. 

In family diet surveys weighings are carried out on uncooked food about to 
be eaten. The Health Bulletin analyses were made on the ‘ edible portion ’ ,of 
foodstuffs. The foodstuffs which form the bulk of the Indian diet (e.g., cereals 
and pulses) contain little or no ‘ inedible ’ material. Further, the poverty of the 
country ensures that the ‘ inedible ’ portion of foodstuff's in common use is reduced 
to a minimum. If, therefore, the results of a diet survey show that calorie intake, 
based on the weigliing of raw foods about to be consumed, is equivalent to the 
Health Bulletin standards, this intake can probably be deemed sufficient. The 
standards are indeed adjusted for application on this basis. In drawing up 
schedules for institutions, on the other hand, it is advisable, as the Bulletin 
states, to ‘ err on the side of excess by 100 to 150 calories to allow for waste 
of all kinds, including the inevitable “ leakage ” of food which occms in large 
institutions ’. The same considerations apply in the calculation of calorie 
intake from tables of food purchased or consumed as supplied by institutions. 
An excess of about 5 per cent over standard requirements can be considered 
satisfactory. A similar allowance may be made for waste in family budget 
inquiries in which the physiological value of diets is calculated from 
expenditure on foodstuffs. 

Nicholls (1938) adopts the Health Bulletin standards, but goes on to say 
that ‘ these represent the values of the food assimilated. In practice, however, 
it is usually necessary to calculate the calories of the foodstuffs as purchased 
and an allowance of about 20 per cent must be made for wastages, such as the 
trimmings and bones of meat and fish and the skins of tubers, which occur 
during the preparation and cooking of the foodstuffs 

An allowance of 20 per cent for ‘waste ’ of this kind seems altogether excessive. 

SustMABY. 

1. An investigation of the energy intake of boys belonging to five age 
groups was carried out with the ultimate object of establishing a suitable scale of 
calorie requirements and food consumption co-efficieiits for children of different 
ages in South India. 

2. There was fair correspondence between observed consumption and the 
scale given in Health Bulletin Ho. 23, which is now being widely used in nutrition 
work, including diet surveys, in India. The continued use of this scale, along the 
lines indicated in the Bulletin, is recommended. 
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Pulse proteins have been the subject of thorough and systematic investiga- 
tion in these laboratories. Basu el al. (1936a and h, 1937) have determined the 
biological value of the pulse proteins both by the balance-sheet and by the growth 
methods. Basu, Nath, Ghani and Midcherjee (1937) have also extracted and ana- 
lysed the proteins. These studies have revealed differences not only in protein 
contents but also in the biological value and the amino-acid make-up of the proteins 
of the pulses. 

Very little information is available regarding the carbohydrate and minerals 
in pulses. All available food-tables give carbohydrate values which have been 
obtained by difierence and which, therefore, must include such unavailable 
carbohydrate as is present. “ Many green vegetables like salad, lettuce and 
spinach contain hardly any carbohydrate other than their cellulose of the cell- 
membranes ” (McCance and Lawrence, 1929). No direct determination of the 
available carbohydrates of the pulses is on record. The need for precise knowledge 
of the carbohydrate content of food has been apparent in recent years because 
of the necessity of preparing accurate food-tables for diabetic diets. Available 
carbohydrate consists of starch and the soluble sugars, sucrose, glucose, and 
fructose, the unavailable mainly of hemicelluloses and fibre (cellulose). The 
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possible value of pentoses and pentosans as sources of energy is doubtful. 
Figures for available carbohydrates of the fruits and vegetables commonly 
eaten in the United Kingdom were given by McCance and Lawrence {loc. cit.). 
Their figures in some instances are rather too low because of the strong acid 
emjjloyed and because the prolonged time of boiling led to destruction of a 
considerable portion of fructose. Very few analyses of the carbohydrate content 
of cooked foods are available and the content of available carbohydrate of many 
foods is considerably altered by cooking. 

The importance of the mineral matter in foods is being reahzed nowadays. 
Not only is the quantity of the ash constituents of significance, but, as Sherman 
and Gettler (1912) have shown, the acid- or base-forming potency of ash of different 
foods is also important. It has been demonstrated by Sherman and Gettler 
{loc. cit.) that vegetables and fruits, on burning, leave an ash in which the basic 
elements (sodium, potassium, calcium, and magnesium) predominate and they 
are regarded as foods of decided potential alkalinity ; whereas meats of all 
kind, eggs, and fishes leave an ash in which the acid-forming elements (chlorine, 
sulphur, and phosphorus) predominate. The breadstuffs and cereals show a slight 
potential acidity, while cream, milk, and milk products show a slight potential 
alkalinity. 

Many fruits and fruit juices contain acid salts of organic acids. These foods 
as eaten have an acid reaction but so far as the balance of non-volatile acids and 
bases and their influences on the urine is concerned, these are potentially base- 
forming foods. 

“ Urinary kidney-stones ” often contain uric-acid crystals in considerable 
quantities. The human organism cannot destroy uric acid but can only transport 
and excrete it through the kidney. The more acid urine possesses decreased 
solvent power for uric acid. The reduction in the hydrogen-ion concentration ot 
the urine may be secured by feeding properly selected base-forming foods. The 
benefit of health which so generally results from the use of diets consisting largely 
of fruits, vegetables, and milk may perhaps be attributed in part to the fact that 
these foods yield allraline residues when oxidized in the body ; but there are 
several other ways in which the eating of libera] amounts of these^ foods is 
beneficial, notably by enriching the diet in calcium, phosphorus, iron, and 
vitamins. 

“ Such considerations tend to lend weight to the view that there maybe some 
merit in furnishing a sufficient quota of fixed-base-forming elements to balance e 
fixed-acid-forming elements of the intake ” (Sherman, 1935). 

There are many ways in which such a balance between acid-forming and base 
forming elements may be constructed and stated quantitatively. 
clearest and most familiar is to count phosphoric acid as functiomng m 
connection as a diabasic acid, the acids and bases corresponding to c ’ 
sulphur, sodium, potassium, calcium, and magnesium being given^ then . 
stoichiometric values. The balance of acid-forming and base-forming e e . 
the foods is clearly indicated and given a convenient form of numerical 
if we calculate, as suggested by Sherman, the equivalent in normal aci 
chlorine, phosphorus, and sulphur present, the equivalent m norma 
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calcium, magnesium, sodium, and potassium and obtain by difference the excess 
of acid or base as the case may be. This may be expressed in terms of cubic 
centimetres of normal acid or normal base for any given quantity of food 
material. 

The pulses form a daily constituent of Indian diets. It is, therefore, advisable 
to determine the potential acid-forming capacity of the different pulses. 


Expebimental. 

The following pulses were investigated; — 

Green gram {Phaseolus mungo), field pea {Pisum sativum), lentil {Lens esculenta), 
Bengal gram (Cicer arietinum), khesari {Lathy rus sativum), soya bean {Glycine 
hispida), and arhar (Cajanus indicus). 

Available carbohydrate. — Sucrose, glucose, fructose, and starch have each been 
determined separately. Their sum constitutes the available carbohydrates of the 
pulses. Small amounts of maltose may be present along with starch, but the error 
from this would be insignificant (VViddowson and McCance, 1935). 

hlETHODS. 

Pulses were obtained from the local market. Particidar attention was given 
to securing pure samples. The outer coatings were removed and the edible portion 
dried to constant weight. The method followed was mainly that of Widdowson 
and McCance (loc. cit.) and is outlined below. 

Duplicate portions of 100 g. were extracted with about 200 ml. of cold 
95 per cent alcohol and kept overnight. The extract was filtered and the residue 
was again extracted with hot 80 per cent alcohol for about 16 hours. The 
alcohol from the united extracts was evaporated under reduced pressure at a 
temperature always below 30°C. The residue was made up to 250 c.c. in a 
graduated flask (solution A). 

Determinations of reducing sugars. 

Fifty c.c. of solution A were measured into a graduated 500-c.c. flask, diluted 
with water, almost neutralized with N/10 NaOH and cleared with basic lead acetate 
and saturated sodium phosphate solution (Archbold and Widdowson, 1931). The 
solution was made up to 500 c.c. and filtered (solution B). Eeducirig sugars were 
determined in this cleared filtrate by Shaffer and Hartmann’s (1921) method. 
Dilution of the solution B was sometimes necessary before the estimations coidd be 
carried out. 

Widdowson and McCance {loc. cit.) in their investigation of available carbo- 
hydrate of fruits used Lane and Eynon’s (1923) copper-titration method with methy- 
lene blue as an internal indicator, for determining reducing sugars. But in our trial 
e.xperiments with standard substances we found that Shaffer and Hartmann’s 
method gave more accurate and concordant results and much sharper end-points 
with less effort than the method of Lane and Eynon. ^ 
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Delenninution of sucrose. — ^Total sugar was estimated in solution B after 
treating it witli 10 per cent citric acid at 100°C. The difierence between the 
percentages of total sugar and reducing sugar gave the percentage of sucrose in 
the pulse. 

Determimtion of the fructose/ glucose ratio.— Before carrying out the iodometric 
procedure for the determination of the fructose, glucose ratio, the solution B was 
decolorized. Bifty o.c. were boiled with 0-5 g. B.D.H. animal charcoal for one minute 
and filtered. This procedure was repeated until the liquid was colourless. The 
charcoal was thoroughly washed with boiling water and filtrate and washings were 
made up to 100 c.c. (solution C). It has been shown by Archbold and Widdowson 
that this procedure removed only negligible amounts of sugar from the solution. 
The iodine value of solution was determined exactly as described by Archbold and 
Widdowson. The fruct'ose/glucose ratio was calculated by solving the simultaneous 
equations obtained from iodometric determination and from the estimation of the 
reducing power of solution B by Shaffer and Hartmann’s method. 

Determination of starch. — The residue after extraction with alcohol was care- 
fully collected and c&ied to constant weight. A small portion was tested with iodine 
and the presence of starch was determined. Duplicate portions of 0-5 g. were 
treated with water and taka-diastase for about 12 hours, and a few drops were 
tested with iodine to ascertain the completion of the hydrolysis. The solution 
after hydrolysis was diluted, cleared with basic lead acetate, filtered, and the 
reducing power determined on an aliquot portion of the filtrate by Shafier and 
Hartmann’s method. The determination of starch can also be carried out on 
the clear filtrate by Hanes’s (1929) modification of the Hagedorn and Jensen 
fetricyanide technique. 

The results of analysis of the pulses are recorded in Table I. The figures 
given represent percentages. 

Discussion. 

The determination of available carbohydrate by chemical methods showed that 
the availability in cases of green gram, lentil, khesari, field pea, and arhar was over 
90 per cent. Bengal gram and black gram gave lower values showing that quite an 
appreciable amount of carbohydrate is unavailable. The availability of soya bean 
carbohydrate was found to be only 37 per cent. Recently, Adolph and Kao (1934) 
have published a paper on the biological availability of soya bean carbohydrate. 
In the in vitro method they determined the total reducing sugars by hydrolysis 
with taka-diastase and foimd that 27-1 per cent of the total carbohydrate in the 
whole soya bean was digested. Their result obtained by the determination of extra 
glucose in phlorhizinized rata gave a mean value of 38-5 per cent. 


Acid-base baiance. 

The minerals were estimated by the methods recommended by A. 0. A. C. 

Table II gives the percentages of the minerals in the various pulses. The earn - 
yalents m c.c. of normal acid or alkali of the different constituents of the ash are 



Showing the ash constituents as ^percentage of oxides on moist basis. 
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Table III. 

Normal alkali in c.c. 


Name of pulse. 

KOH. 

NaOH. 

MS(OH).. 

Ca(OH).. 

Total 

(o.o. N. alkali). 

Greea gram 

20'41 

3-31 

6-98 

5-32 

36-02 

Field pea 

23-73 

3-81 

8-26 

3-10 

38-90 

Bengal gram 

17-65 

3-27 

6-20 

5-26 

32-38 

Lentil . . 

16-11 

2-68 

4-30 

3-0 

26-09 

KLesari 

19-95 

4-18 

7-56 

3-53 

35-22 

Soya bean 

30-S9 

5-64 

10-93 

11-21 

58-67 

Aibar . . 

23-05 

4-9 

1 

9-25 

4-73 

41-93 


Normal acid in c.c. 


Name of pulse. 

Sulpburio 

acid. 

Pboaphoric 

acid. 

Hydrochloric 

acid. 

Total 

(c.c. N. acid). 

Green gram 

26-37 

10-64 

0-88 

37-89 

Field pea 

29-44 

11-84 

, 0-94 

42-22 

Bengal gram 

23-11 

12-14 

1 0-67 

35-92 

Lentil . . 

21-42 

8-73 

0-95 

31-10 

Kbesari 

26-15 

11-33 

0-73 

38-21 

Soya bean 

42-48 

18-20 

1 1-90 

62-58 

Aibar . , 

31-84 

13-42 

! 1-10 

] 

46-36 


Table IV, 

Approximate titrable acidity per 100 grammes 
(c.c. normal acid). 


Name of pulse. 

Potential 

acidity. 

Green gram {Phaseolus mungo) . . 

1-87 

Field pea {Fisum sativum) 

3-32 

Bengal gram (Cicer arietinum) . . 

3-54 

Lentil {Lens eseuUnla) 

5-01 

Khesari {Lalhyrus saliva) 

3-00 

Soya bean {Glycine hispida) 

3-91 

Arhar {Cajanua indicus) 

4-43 


643 
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Discussion. 

The results recorded in Table IV show that the potential acidities of green 
gram, field pea, Bengal gram, lentil, khesari, soya bean, and arhar lie between 
1-87 and 5-01. Green gram possesses the least acidity (1‘87) and this indicates 
that one who takes green gram in his daily food requires less base-forming foods 
as fruits and vegetables compared with other pulses to maintain the acid-base 
balance in the blood and to lower the urinary hydrogen-ion concentration. In 
the case of lentil the potential acidity has been found to be 5-01 and hence 
it requires more of the base-forming foods to maintain the balance. Moreover, 
the results from this laboratory have shown that the biological value of the 
lentil protein is rather low. Therefore, the popular belief that the lentil is a 
good variety of pulse from the nutritive point of view is not substantiated. 

Summary. 

The available carbohydrate in eight varieties of pulses has been determined. 
It has been found that green gram, field pea, lentil, khesari, and arhar contain 
nearly all their carbohydrates in the available form. Appreciable amounts of the 
carbohydrates in soya bean and Bengal gram are in the unavailable form, 
soya bean carbohydrate giving the lowest value so far as the availability is 
concerned. 

The potential acidities of the above eight pulses have been determined by 
analysing their ash constituents. The acidity is found to be the least in the case 
of green gram and highest in the case of lentil. Other pulses possess values m 
between these two extremes. 
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Introduction. 

The relation of the phosphates, especially the inorganic ones, to carbohydrate 
metabolism has been of great interest for a long time. Evidences based on 
experiments, animal and human, put forward by several workers tended to show 
that there did exist a relationship between the inorganic phosphate and carbo- 
hydrate metabolism. It has been suggested that inorganic phosphates played an 
intermediary part in the utihzation of carbohydrate in the system. Eiske (1920, 
1921) showed that the injection of glucose caused a temporary diminution in 
the phosphate output in the urine, followed by a compensatory rise. Blatherwick, 
Bell and Hill (1924) reported that inorganic phosphates of the blood and urine 
became diminished after the administration of glucose by mouth. Perlzweig, 
Lathaham and Keefer (1923) demonstrated the diminution of blood inorganic 
phosphates after the administration of dextrose and this observation was confirmed 
by Sokhey and Allan (1924), and Harrop and Benedict (1923, 1924). Bolliger 
and Hartman (1925) also observed in human subjects the same depression of 
inorganic phosphate content of blood and urine after the administration of glucose. 
jMore recently, Pijoan and Quigley (1937) have shown that intravenous injection 
of glucose in fasting dogs increased the degree of fall of inorganic phosphates of 
the blood. 

It has also been shown that the injection of insulin caused a marked fall in 
the plasma inorganic phosphates. This was first demonstrated by Wigglesworth 
Woodrow, Smith and Winter (1923) and by Winter and Smith (1924). Similar 
J, MR ( 645 ) 4 
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results were obtained by Cori and Cori (1933) and Perlzweig, Lathaham and Keefer 
{loG. cit.) and Volmer (1923). They also demonstrated that injection of epinepliiin 
produced the same effect (fall of inorganic phosphates of blood). Briggs, Koechigs, 
Doisy and Webber (1924) observed that insulin caused the fall of blood inorganic 
phosphates in dogs. Cori and Cori (1937) found that after the administration 
of glucose and insulin together the fall of inorganic phosphate content of the 
muscles took place. 


Distribution of phospuate content op normal blood. 

According to some observers the inorganic phosphates of the blood are 
distributed equally between the cells and the plasma ; others, however, have put 
forward evidence to show that the cells contained no measurable amount of 
inorganic jihosphates. Buell (1923) observed that the centrifuged cells of dog’s 
blood were free from inorganic phosphates. In the cells of human beings as little 
as 0’5 mg. of inorganic phosphates per 100 c.c. of blood was found, but Buell 
believed that even that was due to the breakdown of the cell compound and that the 
inorganic phosphate usually found in cells was produced by autolytic hydrolysis 
during the preliminary treatment of blood. Halpern (1936), however, found that 
the inorganic phosphate content of the blood was distributed in the serum and the 
cells, but the concentration in the former was higher than in the latter. Martland, 
Hansman and Kobison (1924) in working out the phosphate content of the laked 
blood found that if it was kept at room temperature (at SO^’C.) for some time the 
inorganic phosphate content rose considerably. Kay and Kobison (1924) corro- 
borated the same results working with unlaked blood. 

To find out the distribution of the inorganic phosphates in the blood of human 
subjects, we started to estimate the phosphate content of the whole blood and 
the plasma separately in the same sample of blood. After several such estimations, 
we came to the conclusion that the results obtained from the whole blood were not 
at all uniform and were likely to vary considerably^ particularly if the speciinen 
was kept at room temperature for some time. The results of estimation of the 
phosphate content of the plasma, however, were found to be more uniform and di 
not vary much even if kept in room temperature for some time. This was proban y 
due to the fact that in the plasma the acid-soluble phosphates present were entire y 
inorganic and consisted of such bases as sodium and potassium and as such were 
not lilrely to vary under different conditions. The phosphates present in the ce^^s^ 
however, consisted of a mixture of the inorganic and the organic, the proper lo 
of which were not at all constant on account of the interchange between 
continually taking place in accordance with the needs of the organism- an 
it tended to produce varying results. The conclusion we arrived 
the estimation of the inorganic phosphate content of the blood it was bes o 
the cells out and to estimate the phosphate content of the plasma (instea 
whole blood) to get uniformity of results. 


Use op anti-coagulants. 

The choice of the proper anti-coagulant for the collection of blood 
of phosphates appears to have been a>ubject of controversy tor a o 
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Remington (1924) stated that, if the anti-coagulant used exceeded a certain 
definite proportion, the final development of the blue colour was interfered with, 
in that it became turbid and hence the exact matching in colour became difficult at 
times. Gaebler (1932), using sodium fluoride as an anti-coagulant, found it 
unsuitable but got better results when he used it along with a definite Amount of 
aluminum chloride. Using neutral potassium oxalate, however, Gaebler found 
that it gave more or less uniform results even if the (whole) blood was left at room 
temperature for four to five hours. 

Burkens (1935) has, however, shown that sodium fluoride was the most suitable 
as anti-coagulant for the estimation of inorganic phosphate content of blood. In 
contrast to the observations made by the previous workers, he found that it did 
not interfere with the development of colour when used in correct amount (10 mg. 
per 5 c.c. of blood). He, moreover, found that sodium fluoride checked ester- 
phosphorus hydrolysis and synthesis and hence no variations in results took 
place even when the blood was kept for hours or days at room temperature or 
at 30°G. 

In our experiments, we tried, both neutral potassium oxalate and sodium 
fluoride separately as anti-coagulants for collection of samples. In two difierent 
portions of the same sample of blood we used the above two anti-coagulants 
separately in the proportion of 2 mg. of either, per c.c. of blood as indicated by 
Remington and Burken. Simultaneous estimations of plasma inorganic phosphates 
in two samples were done and practically no difference in the results was observed. 
No interference with colour development was observed either. Having thus found 
practically no difference in the results, we preferred to use sodium fluoride as an 
anti-coagulant, the idea being that it would help the simultaneous estimation of 
blood-sugar because, as had been stated by previous observers, fluoride stopped 
both hydrolysis and glycolysis of blood for a considerably long time*. 


Method of estimation. 

In our experiments blood was drawn from the vein by means of a dry sterile 
syringe and 5 c.c. were collected directly into a 15-c.c. graduated centrifuge tube 
containing 10 mg. of sodium fluoride and was then mixed by rotating between the 
palms. 0-2 c.c. of blood was immediately measured out for estimation of sugar and 
the rest was centrifuged and plasma separated. The whole process did not take 
more than 5 to 10 minutes. 

Two c.c. of plasma were then measured out in a pipette and poured drop by 
drop into a 10-c.c. stoppered cylinder containing 8 c.c. of 10 per cent trichlor-acetic 
acid with constant shaking. The method of Fiske and Subbarow (1925) which 
is a modification of the method of Beil and Doisy (1920) was adopted for the 
estimation of phosphates. 

The estimation of blood-sugar was done by the modified Folin and Wu (1919) 
method. ' 


* Jliirtlaml and Robison (1924) found that trichlor-acetic acid occasionally contained impurities 
Bergg’s reagent. In order to test the reagents, we tried the method in 
blauk but did not observe any turbidity or development of colour. 
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Inorganic phosphate content op blood in normal healthy individuals. 

To ascertain a standard for the inorganic phosphate content of the blood of 
Indians, we did a series of estimations of blood-phosphates of healthy normal Indian 
subjects. Estimation of blood-sugar was also done simultaneously ; the results are 
given in Table I : — ' . 

Table I. 

Showing results of estimation of blood-sugar and inorganic phosphate 

content of plasma of 

normzil Indian subjects. 


Serial 

number. 

Date. 

1 

Name. 

1 

Blood-sugar, 
])er cent. 

Blood- 

phosphate, 

mg. 

per cent. 

1 

12-1 1-36 

P. G. 

O-OSf) 

3-5 

2 

12-11-30 

M. R. 

0-070 

3-3 

3 

23-12-36 

S. D. 

0-100 

3-2 

4 

23-12-36 

M. B. 

0-100 

3-0 

5 

4-1-37 

A. T. 

0-086 • 

3-1 

6 

, 4-1-37 

1 M. B. 

0-085 

3-2 

7 

1 5-1-37 

B. H. 

0-100 

3-2 

8 

6-1-37 

J. B. 

0-090 

2'5 

9 

7-1-37 

I 

i D. 

} 0-115 

4-0 

10 

8-1-37 ; 

1 

i A. G. 

1 0-100 

4-0 

11 

1 8-1-37 

S. B. 

0-110 

4-6 

12 

1 12-1-37 

S. 

0-065 

1 3-4 

13 

1 12-1-37 

D. 

0-080 

3-6 

14 

21-1-37 

A. G. 

0-070 

3-0 

16 

21-1-37 

M. L. 

0-075 

3-6 

16 

19-6-37 

J. 

0-090 

4-2 

17 

1 23-3-37 

B. S. 

0-085 

2-3 

IS 

23-3-37 

G. D. 

0-087 

3-6 

19 

30-3-37 

B. 

0-080 

2-1 

20 

30-3-37 

K. 

0-082 

3-0 

21 

30-3-37 

S. G. 

0-080 

3-5 

22 

2-4-37 

1 

B. B. 

0-084 

3-6 
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Table I — concld. 


Serial 

number. 

•Date. 

/ 1 

Name. 1 

1 

Blood-sugar, 
per cent. 

Blood- 
phosphate, 
mg. per 
cent. 

23 

5-4-37 

M. K. 

0-070 

3-0 

24 

9-4r-37 

A. M. 

0-074 

4-0 

25 

16-4-37 

T. S. 

0-100 

3-7 

26 

19-4-37 

G. R. 1 

0-103 

3-0 

27 

27-4-37 

P. C. 1 

0-080 

4-3 

28 

23-1-37 

Mrs. J. 1 

0-105 

2-1 

29 

23-1-37 

K. N. 

0-083 

3-0 

30 

19-4r-37 

U. B. 

0-105 

5-0 

31 

3— 5~37 

B. 1 

0-080 

3-2 

32 j 

7-3-37 

A. B. j 

0-085 

3-1 

33 

7-3-37 

P. T. j 

0-105 

3-1 

34 

8-5-37 

U. D. 1 

0-080 

3-2 

33 

1 10-5-37 

0. j 

0-091 

4-6 

36 

10-3-37 

McK. ! 

0-075 

3-7 

37 

11-5-37 

C. M. 

0-105 

3-2 

38 

12-5-37 

Mrs. D. i 

1 0-115 i 

1 

! 4*2 

39 

15-5-37 

A. C. 

0-100 

1 4-1 

40 

19-5-37 

H. 

0-100 

3-4 

41 

25-3-37 

M. D. 

0-115 

3-0 

42 

28-8-37 

B. S. 

0-079 

4-1 

43 

28-8-37 

A. R. 

0-110 

3-2 

44 

2-6-37 

C. G. 

0-098 

3-5 

45 

7-6-37 

R. A. 

0-105 

3-8 

46 

8-6-37 

M. H. 

0-090 

5*0 

47 

12-6-37 

P. 

0-092 

4-9 

48 

17-6-37 

R. B. 

0-100 

5-3 

49 

22-6-37 

S. B. 

0-089 

3-0 

50 

22-6-37 

P. C. 

0-090 

3-0 
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Au analysis of tlie result given in Table I brings out tbe following facts ; — 


Inorganic phosphate 
content of the bJood, 
mg. per cent. i 

1 

Number of 
cases. 

Percentage. 

1 

1 

Below 3 

4 

1 

i 

' 8 

J 

Prom 3 to 3'9 

1 

32 

1 

1 

64 

i 

II 4 to .T . 1 

13 

28 

» 

Above 5 

1 

1 / 

2 


It will be evident from Table I that the inorganic phosphate content of 
normal blood in the majority of cases (32) under investigation was between 
3 mg. and 3-9 mg. per cent. The next largest number of cases (13) showed a 
value between 4 mg. and 5 mg. per cent. Thus, it appears that 90 per cent of 
the total cases examined showed an inorganic phosphate content of the blood 
between 3 mg. and 5 mg, per cent. This we consider to be the range of variations 
in the inorganic phosphate content of blood in normal Indian subjects’^. 

From a review of the literature on the point it appears that the result obtained 
by us does not materially differ from the standard European and American figures. 
It is also evident that race -per se does not appear to have much effect on the 
phosphate content of the bloodf. 

To summarize our results, we find that the average inorganic phosphate content 
of the plasma in healthy normal Indian subjects is 3-5 mg. per 100 c.c., the minimum 
being 3 mg. per cent and the maximum 5 mg. per cent. 


Inorganic phosphate content op blood op diabetic subjects. 

With a view to find out whether the inorganic phosphate content of the blood 
in diabetic subjects differed materially from the normal range, systema ic 
investigation of the inorganic phosphate of the blood of diabetic subjects o 
varying grades of severity was undertaken by us. Blood-sugar estuna ions 
were also done simultaneously. 


* Only 8 per cent of our total cases gave values below 3 mg. per cent, tbe lowest -.(.taiiied 

by us was 2'1 mg. ; only 2 per cent of the cases gave values above 5 mg., the maximum number 
being .5-3 mg. As these constituted a more or less negligible percentage compared to tue i 
of cases investigated, we have thought it fit to ignore these figures. _ ^ 

+ Similar observation was made by Bose (1934) and also by Bose and De (1936), rCoar o 
sugar and the cholesterol content of the blood. 
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Table II shows the results obtained : — 


Table II. 

Diabetic cases. 

Showing results of estimation of blood-sugar and inorganic ■phosphate 
eontent of plasma of diabetic subjects of varying 
grades of severity. 


Serial | 
number. | 

1 

Date. 

Name. 

Blood-sugar, 
per cent. 

Blood- 

phosphate, 

mg, 

per cent. 

1 

5-11-36 

Jliss C. 

0-200 

4-10 

2 

5-11-36 

IDss G. 

0-230 

4-20 

3 

6-1-37 

S. K. B. 

0-380 

4-0 

i 

" 1 

0-1-37 

A. A. 

0-268 

3-0 

*0 1 

14-1-37 

S. K. B. 

0-240 

i 6-4 

i 

6 ' 

4-2-37 

Af. A. 

0-220 

3-0 

7 

8-2-37 

K. S. 

0-180 

3-2 

S 

18-2-37 

Mrs. B. 

0-120 

j 3-2 

9 

18-2-37 

iirs. H. 

0-200 

1 3-8 

10 

18-2-37 

Jfrs. M. 

0-190 

2-6 

11 

20-2-37 

K. T. 

0-185 

3-0 

12 

18-3-37 

A. 

0-185 

4-2 

13 

19-3-37 

J. M. 

0-330 

3-8 

14 

25-3-37 

J. R. 

0-240 

2-7 

lo 

30-3-37 

F. H. 

0-300 

3-1 

16 

1-4-37 

J. R. 

0-180 

5-0 

17 

1-4-37 

B. B. 

0-180 

3-9 

IS 

1-1-37 

Miss G. 

0-198 

3-2 

10 

2-4-37 

J. 

1 

0-167 

4*2 

i 


* Wo vrould Uke to point out that only 1 case out oi 50 
showed an unusual phosphate content of 6-4 mg. per 100 c.c. 
This was corroborated by a repetition of the test. 
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Table II — conld. 


Serial 

number. 

Date. 

I 

Xiime. 

y 

Bloocl-sugar, 
per cent. 

Blood- 

phosphate, 

mg. 

per cent. 

■20 

S-4-37 

.Mrs. B. 

0-510 

3-6 

■2L 

19-1-37 

K. 

0-740 

3-7 

22 

22-1-37 

M. D. 

0-175 

3-2 

■20 

22-1-37 

1*. r. 

0-200 

4-0 


22-1-37 

A. B. 

' 0-198 

3-4 

■25 

22-1-37 

.Ally. AL 

0-175 

4-0 ' 

■20 

22-5-37 

B. S. 

’ 0-390 

3-S 

‘27 

6-5-37 

B. 

' 0-150 

4-0 

28 

6-5-37 

A. G. 

0-250 

4-0 

■2<J 

13-5-37 

B. S. 

0-280 

3-6 

00 

13-5-37 

1 

B. 

! 0-140 

4-1 

01 

13-5-37 

Mrs. B. 1 

‘ 0-380 

4-1 

02 

13-5-37 

A. G. 1 

0-360 

4-1 

00 

13-5-37 

B. S. ' 

0-360 

3-3 

04 

18-5-37 

Airs. B. 1 

0-400 

3-6 

35 

18-5-37 

B. S. 1 

0-275 

3-0 

36 

1 18-5-37 

A. G. i 

0-360 

4-0 

37 

18-5-37 

B. I 

0-135 

3-9 

38 

3-6-37 

N. S. 1 

0-170 

3-2 

39 

4-6-37 

S. 

0-250 

3-7 

40 

5-6-37 

S. 

0-190 

4-3 

41 

14-6-37 

A. AI. 

0-151 

3-8 

42 

15-6-37 

Airs. E. 

0-341 

3-3 

43 

16-6-37 

P. A. 

0-326 

3-7 

44 

16-6-37 

P. S. 

0-205 

3-5 

45 

16-6-37 

S. G. 1 

0-400 

4-2 

46 

19-6-37 

S.P. I 

0-195 

2-8 
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Serial 

nvmVir.r. 

Date. 

Name. 

Blood-sugar, 
per cent. 

Blood- 

phoaphate, 

, Mg- 

per cent. 

47 

t 

19-6-37 

M. A. 

0-200 

4-3 

48 

21-6-37 

Jtrs. B. 

0-300 

3-8 

40 

1 21-6-37 

C. 11. 

0-2-20 

4-2 

oO 

21-0-37 

R. M. 

0-189 

3-7 


Au analysis of the results given in Table II brings out the following facts 


1 

Inorganic phosphate j 
content of the blood, 
me. per cent. | 

1 

Nnmbor of 
cases. 

Percentage. 

1 

1 

3 


Froui 3 to 5 . . ] 

46 i 

02 

Above 5 . . 1 

i 

i 1 

1 

2 


A careful analysis of Table II shows that out of 50 cases of diabetes examined, 
46 (92 per cent) cases showed a normal inorganic phosphate content. Out of the 
remaining 4 cases, 3 cases (6 per cent) showed a slightly lower phosphate content 
than the accepted normal. 

It thus becomes evident that under normal ‘ fasting ’ conditions, the phosphate 
content of blood in diabetic subjects remains more or less within normal limits 
though the blood-sugar in some of the cases is extremely high. The blood-sugar 
thus appears to bear no relationship to the phosphate content of the blood under 
normal ‘ fasting ’ conditions. 


Effect of ingestion of glucose on the phosphate content op the 

BLOOD IN NORMAL INDIVIDUALS. 

As stated before, there is a good deal of evidence in the literature to show that 
the blood-phosphates play an important part during the stage of active carbohydrate 
metabolism. 

With a view to studying in what jway the inorganic phosphates help the 
carbohydrate metabolism, we planned the following line of investigation ; — 

We selected 20 healthy normal individuals and after giving them a load of 
100 grammes of glucose by mouth, carried out simultaneous estimations of blood- 
sugar and blood-phosphates before administration of glucose and then every half 
hour after, for a period of two hours. 
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Table III shows the results obtained : — 


Table III. 

Showing the effect of oral administration of glucose on the sugar and the 
inorganie phosfhate content of the blood in- 

normal healthy subjects. 


Name. 


1 

0. 

2 

M. 

3 

C. M. . . 

4 

D. 

5 

H. 

6 

D. D. . . 

7 

D. 

8 

A. 

9 

K. B. .. 

10 

B. T. .. 

11 

G. L. B. 

12 

A. D. C. 

13 

C. R. .. 

14 

N. M. . . 

15 

A. B. .. 

16 

L. M. . . 

17 

K. N. M. 

IS 

A. H. .. 

19 

J. N. . . 

20 

B. N. M. 


Avekaoe 


Blood-sugar, mo. 

PER 100 C.C. 

BlOOD-PUOSI'UATE, RQ. pee 100 0,0. 

Before. 

•J hour 
after. 

1 hour 
after. 

l.\ hours 
after. 

2 hours 
after. 

Before. 

4 hour 
after. 

1 hour 
after. 

14 hours 
after. 

I 

2 hours 
after. 

91 

1 

1 

1 140 

! 

106 

100 

90 

4-6 

4-0 

3-2 

3-7 

4'1 

75 

141 

105 

95 

91 

3-7 

3-2 

2-7 

2'9 

3-3 

105 

ISO 

1 105 

100 

92 

3-2 

2-4 

2*2 

2-6 

3'2 

105 

' 190 

j 110 

98 

100 

4-2 

3-6 

3-3 

3-5 

4-4 

95 

170 

1 

‘ 115 

100 

100 

3-4 

2-5 

2-3 

2-5 

3-3 

95 

1-15 

! 110 

90 

95 

3-2 

2-6 

2-4 

2-8 

3-3 

103 

: 175 

, no 

1 

96 

90 

3-0 

2-6 

2-3 

2-5 

2'9 

97 

‘ ICO 

! 95 

i 90 

1 

lOS 

3-2 

2-6 

2-3 

2-6 

3'3 

100 

158 

[ 115 

98 

93 

3-2 

2-7 

2‘2 

2-6 

2-8 

103 

159 

j 106 

1 

90 

90 

3-1 

2-6 

2-4 

2-7 

3'0 

1 

90 

IGO 

I 

, 110 ' 

89 

88 

3-2 

2-5 

2’2 

2-8 

3’0 

100 

175 

1 

114 

100 

100 

4-0 

3-4 

3-1 

3-4 

■ 3'7 

102 

1 

198 ; 

108 

100 

98 

3-7 

1 

! 3-0 

2’5 

2-9 

3'8 

1 









1 2'8 

85 

ISO 

104 

92 

102 

3-0 

2-5 

2-0 


1 

1 

1 79 

' 190 

115 

95 

100 

3-1 

2-5 

2-2 

2-5 

2'8 

100 1 

165 

110 

90 

»0 

4-1 

3-3 

3-0 

3-4 

3'S 

98 

156 

100 

97 

100 

3-9 

3-1 

3-0 

2-7 

3'7 

105 ' 

168 

100 

90 

92 

4-5 

3-8 

3-4 

3-6 

4’5 

•’•S 

90 ! 

175 

119 

90 

87 

3-0 

2-4 

2-1 

2-5 


100 1 

175 

1 

112 

100 

100 

3-4 

2-5 

2*2 

2-7 

O'" 

95 

i 

i 

1G8 

r 

108 

95 

94 

3-53 

2-89 

2-50 

2-85 

3-39 
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SuililARY OF THE EFFECT OF INGESTION OF 100 GRAMMES OF GLUCOSE ON 
THE SUGAR AND THE PHOSPHATE CONTENT OF BLOOD IN 
NORMAL INDIVIDUALS. 

E^ecl on blood-sugar. — ^It will be seen from Table III that ; — 

(1) The blood-sugar begins to rise after the ingestion of glucose, the maximum 

rise taking place usually half an hour after the glucose meal. 

(2) The blood-sugar, thereafter, begins to fall sharply and comes down to 

near about the original level, usually within one to one and a half 
hours. 

Effect on blood-phosphates.— -The phosphate content of the blood, however, 
behaves differently as follows : — 

(1) It begins to fall quickly after the ingestion of glucose so that a con- 

siderable decrease in the phosphate content of the blood takes place 
half an hour after the glucose meal. The maximum decrease in the 
blood -phosphates, however, usually takes place, one hour alter the 
glucose meal. 

(2) The blood-phosphates thereafter begin to rise and usually reach the 

original (pre-glucose) level two hours after the glucose meal. 

It will thus be seen that the blood-sugar and the blood-phosphate curves, 
after the test-meal glucose, take almost reverse directions, i.e., during the period 
of rise of blood-sugar after the glucose meal and also until the blood-sugar comes 
back to normal (or nearly normal) level, the phosphate content of the blood decreases 
continuously. 

Thereafter, the blood-phosphates begin to rise, even though the blood-sugar 
level either continues to fall still further or remains at the same level. 

We thus see that during the process of active carbohydrate metabolism in 
the system, the phosphate content of the blood falls continuously. As soon as 
the blood-sugar, however, comes back to the normal level, the decrease in the 
phosphate content stops and it slowly begins to rise again. 

It seems to be clear from the above experiment that the blood-phosphates 
play an important part in the metabohsm of carbohydrates in the system. What 
appears to happen following the ingestion of carbohydrates may be stated as follows : 
that a portion of the inorganic phosphate content of the blood is released, which 
combines with the excess of the glucose in blood and forms a compound, probably 
hexose-phosphates, in which ‘ intermediary ’ form the blood-glucose is known to 
be utilized in the system. The process thus accounts for the sharp fall in the 
phosphate content of the plasma during the first half hour after the glucose meal. 
The fall in the inorganic phosphate content of the blood, however, continues, though 
somewhat slowly, during the next half hour, i.e., till the blood-sugar level comes 
back to normal. As soon as the blood-sugar comes down to the normal or nearly 
normal level the demand for the inorganic phosphates for the active utilization of 
glucose m the system ceases and thus the steady fall of blood-phosphates is dis- 
continued. It will, thus, appear that during the stage of active carbohydrate 
metabolism there is a steady and continuous fall in the plasma phosphates, which, 
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however, appears to be of temporary nature and. lasts as long as the active glucose 
utilization takes place in the system, at the end of which period the phosphate 
value of the blood again returns to the initial level. 

Effect of ingestion of glucose on the phosphate content of 

BLOOD IN DIABETIC SUBJECTS. 

Having got such interesting data in the above experiments, namely, the 
important part which the phosphates play in the utilization of carbohydrates in 
the system in normal subjects, we proceeded to conduct similar experiments on 
diabetic subjects. With tliis object in vie\Y we selected cases from the mild, 
moderate and severe types of diabetes ; the results are given in Table IV : — 

Table IV. 


Showing the effect of oral adiniiiislralion of glucose on the sugar and the 
'phosphate content of the blood in 

diabetic subjects. 


Name. 

Blood-suoae, mo. per 100 c.c. 

Blood-phosphate, mo. per 100 

0.0. 

2 hours 
after. 

Before. 

^ hour 
after. 

1 hour 
after. 

hours 

after. 

2 hours 
after. 

Before. 

i hour 
after. 

1 hour 
after. 

1^ hours 
"after. 


Group A — mild cases of diabetes. 


1 

P. G. . . 

112 

1 

225 

205 

168 

158 

4-8 

4-2 

4-0 

3-9 

3'8 

2 

A. T. M. 

114 

220 

1 

1 180 

158 

154 

3-7 

3-0 

2-8 

2-8 

3'0 

\ 

3 

B. 0. G. 

115 

' 240 

I 178 

1 

160 

144 

4-3 

3-8 

3-6 

3-4 

3'G 

4 

P. K. . . 

110 

! 252 I 

1 

1 

! 180 

150 I 

1 

138 

5-0 

4-5 

4-3 

4-1 

4-3 

5 

B. C. . . 

113 

! 1 

' 212 i 

200 

1 

170 

159 

3-7 

3. 

2-9 

2-7 

3-0 

6 

R. D. • • 

106 

243 

1 

1 

! 

100 

1 

1 i 

! 178 

160 

5-2 

4-7 

4-3 1 

i 

4-0 

4-4 

Average .. 

111 i 

1 

1 

! 

232 

! 

189 

1 

162 1 

i 

1 

151 

4-4 

3-8 

, 

3*6 

3-4 

3'0 
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Table IV — concld. 



I Bt.OOD-SUGAB, JIO. TER 100 C.C. 1 

j Blood-phosphate, jig. per 100 o.o. 

Name. 

Before. ! 

J hour 
after. 

1 j 

1 hour ‘ 11 liours 1 
after, | after. 

! 

2 hours 1 
after. 

Before. ! 

1 

1 hour 
after. 

t 1 

1 hour 1 
after, j 

11 hours 
after. 

1 2 hours 

1 after. 

1 


Group B — moderate cases of diabetes. 


1 

S. K. a. 

125 

200 

245 

200 

o 

00 

3-7 

3*5 

3-3 

3-2 

S-0 

2 

U. N. D. 

160 

200 

270 

250 

210 1 

4-2 

4-0 

3-8 

3-5 

3-4 

3 

H. K. B. 

130 

250 

300 

280 

170 

3-9 

3-7 

3-5 

3-3 

3’2 

4 

P. K. P. 

140 

240 

260 

240 

200 ' 

5-4 

5-0 

4-8 

4-7 

4-7 

5 

J. B. S. 

120 

250 

330 

296 

188 

4-5 

4-4 

4-1 

4-1 

3-9 

6 

P. K. B. 

135 

187 

200 

185 

172 

i5-0 

4-8 

4-7 

4-6 

4'5 

7 

B. N. D. 

162 

228 

242 

225 

o 

CO 

5-4 

5-2 

5-0 

4-8 

4-5 

Atebaqe .. 

131 

222 

263 

239 

185 



B 

4-0 

3-8 


Group C — severe cases of diabetes. 


1 

L. T. M. 

250 

362 

390 

400 

400 1 

3-7 

3-7 

3-5 

i 

3-5 ' 

1 

3-4 

2 

P. N. . . 

, 235 ! 

340 

374 ! 

386 

1 

370 

4-3 

4-3 

4-3 

3-8 

3-8 

3 

S. L. P. 

1 314 

380 

304 I 

526 

552 

3-9 

3-9 

3-8 

4-0 

4-0 

4 ' 

B.N. M. 

297 ' 

423 

598 

600 1 

585 ' 

' 4‘7 ' 

4-9 


1 

o'O 

5-0 

5 ' 

1 

H. L. S. 

326 

418 

480 

620 

540 

3-7 ; 

3-5 

3-5 

3-6 

3-6 

6 

B. N. .. 

205 

342 

400 

454 ■ 

446 

3-5 

3-5 ' 

1 

3-4 

1 

3-4 ! 

3-1 

7 

S. P. . . 

200 

305 

390 

350 

320 

5-2 

5-2 

5-4 

5-4 * 

5-3 

8 

P. K, M. 

300 

420 1 

520 i 

1 

1 

570 

550 

2-7 

2*7 1 

1 1 

1 ! 

2-8 

2*6 

1 

2-5 

Aveeaqe .. 

273 

' 

373 

454 1 

1 




B 

H 

1 3-9 

3*8 

1 

1 
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From an analysis of tlie results obtained in Table IV it is evident that, in 
diabetic subjects, after the ingestion of glucose, variations in the inorganic 
phosphate content of blood take place, according to whether the case is 
mild, moderate or severe. It is also clearly evident that these variations in 
the results are markedly different from those observed in normal cases (cf. 
Table III). 

In order to summarize the results obtained by us, viz., the effect of oral 
administration of glucose on the sugar and phosphate content of blood both 


Graph 1. 



Time, 

The average blood-sugar aud the blood-phosphate curve iu healthy norfflul 
individuals after ingestion of glucose. 


in normal and diabetic subjects, we calculated the average 
each group of cases separately and represented them graphically 


values obtained in 
in Graphs 1, 
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and 4. This gives a clear exposition of the results we have obtained and at the 
same time makes it easily comparable. 


1 


Graph 2. 



Time. 

The average blood-sugar and blood-phosphate curve ia mild 
diabetes after ingestion of glucose. 


study of the data obtained by ns so far, it thus becomes miito 
evident that the decrease in the phosphate content of the blood after alhlo! 
meal gives an indication of utilization of sugar in the system. ® 
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To make an actual comparative study as to the quantitative decrease in the 
phosphate content of the blood, at different intervals, after a glucose meal, of 


Graph 3, 




Time. 


The average bleed-sugar and the bleed-phesphate curve in moderate 
diabetes after ingestion of glucose. 


normal and diabetic subjects, we are appending below a table (Table 
the quantitative decrease in the phosphate content of the blood 




l^hrs ^rs 


^hr thr 

Time. 

The average blood-augar and the blood-phosphate curve in severe 
diabetes after ingestion of glucose. 
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‘ fasting ’ level) at the half-hourly periods after glucose meal, for a period of 
2 hours : — 

Table V. 

Showing the half-hourly quantitative decrease in the phosphate 
value of the blood (from the initial level) after 

glucose meal. 



Deereaao 

Decrease j 

Decrease 

1 

Decrease 

Serial 

A hour 

1 hour 

IV hours 

1 2 hours 

number. 

after 

after 

after 

after 


glucose. 

glucose. 

glucose, j 

glucose. 

! 


Normal healthy individuals. 


1 

0-6 

1-4 

0-9 

0-2 

2 

0*5 

1-0 

0-8 

0-4 

3 

0-8 

1-0 

0-6 

0-0 

4 

0-6 

0-9 

0-7 

0-2 

5 

0-9 

M 

0-9 

0*2 

6 

0-6 

0-8 

0’4 

0-1 

7 

0'4 

0-7 

0-5 

0-1 

8 

0-6 

0-9 

0-6 

0-1 

9 

0*5 

1-0 

0-6 

0-4 

10 

0-6 

0*7 

0-4 

0-1 

11 

0-7 

ro 

0-4 

0-2 

12 

0-6 

0'9 

0-6 

0-3 

13 

0*7 

1-2 

0-8 

0 -) 

14 

0:5 

1-0 

0*8 

0-2 

15 

0-6 

0-9 

0-6 

0-3 

16 

0-8 

1-1 

0-7 

0-3 

17 

0-8 

0-9 

1-2 

0-3 

18 

0-7 

M 

0-9 

0-0 

. 19 

0-6 

0-9 

0-5 

' 0-2 

20 

0-9 

1-2 

0-7 

0-2 

Avekage 

DEOBEASE. 

0*64 

0-98 

0-68 

0-19 




0-7 
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Table V — concld. 



Decrease 

Decrease 

Decrease 

Decrease 

Serial 

h hour 

1 hour 

IV hours 

2 hours 

number. 

after 

after 

after • 

after 


glucose. 

glucose. 

glucose. 

glucose. 


Severe cases of diabetes. 


1 

0-0 

Cl 

6 

[ 0-2 

0-3 

o 

0-0 

0-0 1 

0-.) 

0-5 

3 

0-0 

0-1 

-po-1 

-fO-1 

4 

+ 0-2 

-1-0-3 

0*3 

-fO-3 

5 

-0-2 

0-2 

0-1 

0-1 

G 

0-0 

0-1 

0-1 

0-4 

7 

0-0 

-1-0-2 

-t-0-2 

-fO-1 

8 

0-0 

-t-0-1 j 

0-1 

0-2 

Average 

DECREASE. 

0-0 

O 

o 

0-05 

0-12 


From an analysis of the results given in Table V we find : — 

(1) That in normal healthy individuals, the average decrease in the bloo 
phosphates (from the initial level) is as follows : — 

(A) 0'64 mg. at the end of the 4-hour period. 

(B) 0'98 ,, ,, ,, ,, ,, ,, 1 ,, ,, 

(C) 0-86 „ „ „ „ „ 14 „ 

(D) 0T9 ,, „ „ „ „ „ 2 „ „ 

(2) That in mild cases of diabetes the average decrease in the blood-phosphates 
(from the initial level) is as follows : — 

(A) 0-56 mg. at the end of the -^-hour period. 

(B) 0’80 ,, ,, ,, „ „ „ 1 _ ,, 

(C) 0-96 „ „ „ „ „ „ 1-4 „ 

(D) 0-76 „ „ „ „ ,, ,, 2 „ „ 

(3) That in moderately severe cases of diabetes the average decrease m 
blood-phosphates (from the initial level) is as follows : — 

(A) 0'2 mg. at the end of the -|-hour period. i 

(®) 9 4 ,, ,, ,, ,, ,, ,, 1 ,, jj 

(C) 0 5 ,, ,, ,, ,, ,, ,, 1t> ,, )) 

(D) 0'7 ,, ,, ,, ,, ,, ,, 2 ,, ,) ^ plood- 

(4) That in the severe cases of diabetes the average decrease in t le 
phosphates (from the initial level) is as follows : — 

(A) 0‘0 mg. at the end of the 4-hour period. 

(B) O'O ,, ,, ,, ,, 5, 1 

(C) 0-05 „ „ „ „ „ „ 14 


(D) 0-12 


2 : 


39 

7f 


5 ? ?? 


?? >? 
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From an analysis of the above results we also find that, in normal healthy 
individuals, the blood-phosphates, after the glucose meah go on decreasing up to 
the end of the 1-hour period, i.e., till the blood-sugar comes down to normal or 
nearly normal level (Graph 1). After this period, however, no further decrease 
of the phosphate content takes place ; the phosphate content in fact begins to 
rise and this continues till the end of the 2-hour period, when the blood-phosphate 
almost attains the original level. 

In mild cases of diabetes, the results are only shghtly different from normal. 
Here we find that the behaviour of the blood-phosphates, as regards the quantita- 
tive rate of fall, is somewhat slower and continues till the end of the H-hour 
period, as against a definite rise, during the same period, in normal cases. It is 
only during the 4th half-hour period that the phosphate content of the blood 
begms to rise slowly, though it is still much behind the initial level at the end 
of 2 hours after the glucose meal. It thus appears that, in this group of cases, 
the rate of utilization of sugar is slower and takes a longer time than normal. 

In the moderately severe cases of diabetes, the results differ from the mild 
cases in that the quantitative rate of fall of the phosphate content of blood, after 
the glucose meal, is slower and continues throughout the entire period of observa- 
tion, showing thereby that the rate of utilization of sugar is very poor. 

In the case of severe diabetes, we get striking results. There is practically 
no decrease in the phosphate content of the blood after the test meal of glucose 
indicating thereby that there is little or no attempt at utilization of sugar in the 
system*. 

It can thus be assumed that the lack of utilization of sugar in the system is 
reflected directly on the changes in the inorganic phosphate content of the blood 
after a test meal of glucose. We have seen that in the severe types of diabetes, 
the decrease in the blood- phosphates is practically nil even two hours after the 
test-meal of glucose, showing thereby that there is no attempt on the part of the 
system to utilize glucose. 


Effect of injection of insulin on the phosphate content of 

BLOOD IN NOEJtAL AND DIABETIC SUBJECTS. 

In order to study as to what happens when insulin is administered in such 
cases, we selected a few cases of clinically severe diabetes and proceeded to study 
the effect of insulin on the inorganic phosphate content of the blood, simultaneously 
with blood-sugar estimation. 

To enable us to compare our results, we extended similar studies on normal 
subjects as well as on mild cases of diabetes. The dose of insulin in each group 
of cases was kept constant so as to get comparable results. 

Table VI shows the effect of 20 units of insulin on the simultaneous sugar and 
inorganic phosphate content of the blood in each of the three groups of ca^es, viz. 
normal, mild and severe diabetes. ’ ’’ 


* In a few of these eases, however, there was slight rise of blood-phosphate value 
initial level instead of a fall. The reason for this is not clearly understood. 


over the 
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Table VI. 

Showini! the effect of inmlbi, on the anyar and the inotyanie phosphate content of blood 

in normal individuals and in mild and severe diabetes. 


Bloou-sugab, mg. rEK 100 c.c. 


BlOOD-I’BOMPHATE, mo. pee 100 c.c. 


Name, j 

1 Before. 


1 liour 
after. 


1 hour j 1] liour.s 
after. .ifter. 


2 liourd 
iifter. 


Before. 


■V hour 

1 i 

[ 1 Jiour 

11 hours 

1 2 hours 

after. 

! after. 

[ 

after. 

] 

after. 


Normal healthy individuals. 


1 

B. C. .. 

100 

00 

80 

60 

55 

4-7 

3-6 

3-0 

2-8 

2'G' 

2 

M. N. . . 

103 

8(5 

77 

61 

54 

3-0 

3-0 

2-6 

2-0 

1-9 

3 

L. M. .. 

100 

05 

80 

63 

58 

3-4 

3-0 

2-4 

1-8 

I’G 

4 

D. C. . . 

108 

0(3 

88 

73 

60 

4-3 

3-6 

3-0 

2-0 

0.0 

5 

P. C. .. 

105 

84 

72 

60 

53 

4-0 

3*5 

2-7 

2-3 

2'0 

6 

P. N. .. 

101 

02 

80 

74 

61 

3-8 

3-2 

2-8 

2-4 

2’0 


Average 

102 

90 

78 

65 

56 

4-0 


2-5 

2-3 

2’0 


Mild cases of diabetes. 


1 

B. M. .. 

160 

117 

1 

100 1 

86 

78 

3-8 

3-6 

3-2 

2-8 

2-0 

2 

T, M. . . 

115 

1 

100 1 

90 

83 

70 

4-2 

3-6 

! 3-0 

I 

2-8 

2'3 

3 

D. C. ^ 

123 

100 

80 

70 

68 

3-6 

3-0 

1 

1 


1’9 

4 

S. K. . . 

i 

222 ^ 

194 

150 

130 

125 

4-4 

3-6 

3-1 

2-8 


5 1 

H. C. .. 

130 

150 

85 

70 

63 

5-1 

4-2 

3-7 

3-4 

3’0 


Average 

150 

1 

123 

101 

87 

80 

4-2 

3-6 

3-1 

1 

2-8 

2-3 


1 

1 j 

P. K. .. 1 

328 

290 

2 

K. L. .. 

300 

260 

3 

T. M. . . 

312 

270 

4 

U. N. .. 

396 

360 

Average 

334 

295 


Severe cases of diabetes. 


280 

274 

270 

3-5 

240 

236 

235 

4-7 

240 

232 

232 

3-9 

342 

234 

1 

334 

4'5 

275 

269 

267 

4-1 


3-0 

3-0 

3-2 


4-2 

4-0 

4-5 

ffj 

3-2 

2-8 

3'6 


3-9 

3'7 

4-0 

4'3 

6*5 

3*3 1 

1 

1 

3-7 

4-9 
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In order to give a clear exposition of the above results, we have represented 
the average results obtained in each of the above group of cases graphically as 
follows ; — 


Graph 5. 



Time. 

The average blood-sugar and the blood-phosphate curve in healthy normal 
individuals after a dose of 20 units of insulin. 


Blood-phosphate, mg. per 100 c.c. Blood-sugar, mg. per 100 c.c. 


Relation of Inorganic Phosphate to Carbohydrate Metabolism 


Graph 6, 




Time. 

'I'ho average blood-sugar and the blood-phosphate curve in' mild diabetes 
after a dose of 20 units of insulin. 
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Gsaph 7. 



Time. 

The aveiage blood-sugar and blood-phosphate curve in severe diabetes 
after a dose of 20 units of insulin. 

To make an actual comparative study as to tlie quantitative decrease in the 
phosphate content of the blood after insulin injection in normal and diabetic 
subjects, tve are appending below a table (Table YII) showing the quantitative 
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decrease iu the phosphate content of the blood from the initial ‘ fasting ’ level at 
half-hourly periods after insulin for a period of two hours : — 


Table VII. 

Showing the half-hourly quantitative decrease in the ‘phosphate 
value of the blood (from the initial level) after 

insulin injection. 



1 

Decrease 

Decrease 

Decrease i 

Decrease 

Serial 

\ hour 1 

1 hour 

li hours j 

1 2 hours 

number. 

after 1 

after i 

after ^ 

after 


insulin. 

i insulin, j 

1 1 

insulin, j 

insulin. 


Normal healthy individuals. 


1 

1 

0-7 

1-7 

1-9 

2-1 

2 

0-9 

1-3 

1-9 

2-0 

3 

i 0*4 

1 1 

1-0 

1 

1-6 

IS 

4 

1 0-7 

1'3 j 

IS 

1 

2*1 


0-5 

1-3 j 

1-7 

2*0 

6 i 

1 

1 

0-6 

1-0 

1-4 

1*8 

Aveeaoe ' 

DEOBEASE. | 

1 

0-63 

1-26 

1-70 

1*96 


Mild cases of diabetes. 


1 

0*2 ! 

0*6 

1*0 

1*8 

2 

0-6 1 

1*2 

1*4 

1*9 

3 

0*6 1 

1 

1-0 

1*4 

1*7 

4 

0*8 j 

1*3 

1*6 

]*9 

i 

5 

0*9 1 

I 

1*4 

1*7 

I 

2*1 

Aveeage 

1 1 

0*62 j 

1*10 

1*42 

1*88 

DECEBASE. 

! 
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Table YII — concld. 


Serial 

number. 

Decrease 

1 hour 
after 
insulin. 

Deciviise 

1 hour 
after 
insulin. 

Decrease i 
li hours ' 
"after j 
insulin, j 

1 

Decrease 

2 hours 
after 
insulin. 

Severe cases of diabetes. 


I 

0*0 

0*5 

} 

j 0-3 

0-0 

•) 

O'o 

0-4 

' 0-2 

0-1 

a 

0-7 

M 

' 0-3 

0-1 

4 

0-e 

0-:J 

^ 0-0 

0-0 

Avekacb 

O’o7 

O'oo 

0'25 

O'lO 

DECBEASE. 






From an analysis of the results obtained in Table VII we find : — 

(1) That in normal healthy individuals the rtwrnye decrease in blood-phosphates 
from the initial ‘ fasting ’ level is as follows : — 

(A) 0'63 mg. at the end of the I-hour period. 

(B) 1-26 „ 1 „ 

(C) 1*70 ,, .> ,, ij j< ,, Tl i> >> 

(D) 1-96 „ „ „ „ „ 2 ,, 

(2) That in mild cases of diabetes the average decrease in the blood-phosphates 
from the initial level is as follows : — 


(A) 0-62 mg. at the end of the J-hour period. 

(B) 1-10 „ „ „ „ „ „ 1 

(C) 1-42 „ ,. „ ., „ n „ 

(D) 1'88 „ „ „ „ „ ,. 2 „ „ 


(3) That in the severe cases of diabetes, the average decrease in the blood- 
phosphates from the initial level is as follows : — 

(A) 0-57 mg. at the end of the 4-honr period. 

(B) 0-55 „ „ „ „ ., r „ 

(C) 0-25 „ „ „ „ „ „ 1| „ 

(D) 0-10 „ „ „ „ „ 2 .. 

From an analysis of the results obtained in the above groups of cases we find 
that : — 

(1) In normal healthy individuals, a fair degree of fall in the blood-phosphate 
content starts ahnost immediately after the insulin injection and 
this is continued simultaneously with a marked fall in the blood-sugar 
content. This clearly indicates that active glucose utilisation 
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contiuues tliro\ighoiifc tlie period of observations under the influence 
of insulin. 

(2) In mild cases of diabetes, the fall of blood-phosphates also starts 

immediately after insulin injection and the rate of fall is also similar 
to that of normal. 

(3) In severe cases of diabetes, though there is a fall of blood-phosphates 
^ after insulin injection, the rate of fall is definitely slower, as compared 

to the normal. The fall in the blood-phosphates continues steadily 
for about an hour and then it slowly begins to rise. The behaviour 
of the blood-sugar also is strikingly similar, i.e., there is a sharp fall 
of blood-sugar for about an hour after the insulin injection and the 
rate of fall thereafter is definitely slow. 

The above results lead us to important and interesting conclusions. It 
definitely shows that the mild cases of diabetes behave exactly like normal under 
the influence of insulin as regards the utilization of sugar in the tissues. The severe 
cases of diabetes also show a very marked improvement in the sugar utilization 
power under the influence of insulin, though the action is transient and 
variable. 


Discussion. 

The results wliich we have so far obtained clearly indicates that there e.\'ists 
a close relationship between the carbohydrate metabolism and inorganic phosphates 
of the blood. The phosphate is found to be decreased after ingestion of glucose 
and also after injection of insulin. 

It, therefore, appears that a demand for the inorganic phosphates is created 
as a result of either glucose ingestion or insulin injection, in normal and diabetic 
subjects as well, but the degree of the demand appears to vary. We have seen 
that, in normal subjects, the decrease in the phosphate content of the blood is muc 
more pronounced after insulin injection as regards the depth of the fall and i s 
duration than after glucose ingestion. 

Similar kind of result is also observed in the case of diabetic subjects though 
there is a good deal of difference in the degree, depending on whether the case i 
mild, moderate or severe. 

The important question that naturally arises is — what is responsible for the 
decrease of the phosphate content of the blood after the ingestion of glucose 
seems reasonable to think that insulin plays an important part in the niec 
for obvious reasons. We know that when glucose is ingested it is absor e 
the portal capillaries and conveyed to the liver where it is partly 
glycogen, and partly passed out into the systemic circulation producing 
hyperglycmmia. The hyperglycaemia thus produced stimulates the 
secrete the necessary extra amount of insulin which idtimately is ^|jat 

the removal of the excess of sugar from the circulation, we 

fundamentally the ingestion of glucose is closely linlced^ up with t m 
endogenous insulin which appears to play the principal role. _ The re ® , |j,ate, 
inorganic phosphates from the circulation for the final utilization ot cai 
therefore, mainly depends on insulin. 
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It appears that during active carbohydrate metabolism the secretion of insulin 
helps, not only in the release of the inorganic phosphate from the blood but also 
its combination with the sugar to form a compound (hexose-phosphates), in which 
intermediary stage glucose is finally known to be utilized. 

Now, the power of secreting insulin under hyperglycsemic stimulation of the 
paircreas naturally varies in normal and diabetic subjects. Thus, in healthy 
normal subjects (under the hyperglycjemic stimulation caused by glucose ingestion), 
the pancreas is in an efficient condition to secrete the necessary extra amount of 
insulin and to remove the excess of sugar from the blood stream. In diabetic 
subjects, however, this power of requisitioning for the necessary extra amount of 
the hormone after the carbohydrate meal is either deficient or is almost absent 
depending on the severity of the disease and on the extent of damage to the 
pancreas. In mild or moderate types of diabetes, though the organ can still 
produce some hormone, the supply becomes slow and insufficient, thus causing a 
slower and lesser utilization of sugar and, consequently, slower and lesser demand 
for the inorganic phosphate of the plasma. In, severe cases of diabetes, when 
the insulin-secreting cells of the pancreas are damaged to such an extent that 
they can produce very little of the hormone, the shift of the plasma-phosphate 
becomes almost absent. 

If, however, insulin is supplied artificially to these diabetic subjects the inherent 
deficiency of the hormone is made up temporarily and thus we find a marked change 
in the behaviour of the shift of the inorganic phosphate in these subjects after 
insulin injection. 

So we see that in mild and moderate cases of diabetes, the decrease in the 
blood-phosphate value, after the administration of insulin, becomes almost like 
normal. In severe cases of diabetes, too, there is a sharp initial fall of the 
phosphate value after insulin injection though the decrease is temporary and 
lasts for a short period only. 

We are, therefore, led to the conclusion that the phosphates play an important 
part in the intermediary metabolism of carbohydrates and that insulin is a most 
essential factor in this carbohydrate-phosphate linkage. 


Summary. 


1. The average inorganic phosphate content of the blood in normal healthy 
Indian subjects was found to be 3-5 mg. per 100 c.c., the range of variation being 
3 mg. to 5 mg. per 100 c.c. 

2. Race per se does not appear to have much effect on the phosphate content 
of the blood. 


3. The inorganic phosphate content of the blood of diabetic subjects in 
fasting condition appeared to bear no relationship to the state of the 
hyperglycEemia. 


4. After a glucose feed in a healthy normal person, the blood-phosphate goes 
on decreasing till the end of one hour and then it begins to rise reaching the iffitial 
level by the end of two hours. ® 


, , ?•. ®5®ct of glucose feed on the decrease of the phosphate content of the 

blood m diabetic subjects varies according to the degree of severity of the disease. 
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Non-Protehi, Nitrogenous Constituents of Blood. 


their system of blood analysis. The starting point of their system is the preparation 
of a protein-free blood filtrate suitable for the largest possible number of different 
determinations. Very small quantities of the filtrate are required for each separate 
determination.^ In this system to prepare the protein-free blood filtrate, the blood 
is first laked with distilled* w’ater and the protein then precipitated by means of tung- 
stic acid. It was, however, observed that w’hen the non-protein nitrogenous consti- 
tuents (\irea, uric acid, creatinine, and amino-acids) w'ere estimated separately in 
this filtrate, the sum of the nitrogen of these constituents was always less than the 
total non-protein nitrogen determined as such. Thus, the non-protein nitrogen 
in the whole blood could not be wholly accounted for by the Icnowji constituents. 
"Wu’s (loc. cit.) study on the distribution of the non-protein nitrogenous constituents 
between corpuscles and plasma threw much light on this discrepancy. Determina- 
tions made on the plasma showed that the sum of the nitrogen of the different non- 
protein nitrogenous constituents agreed fairly closely with the total non-protein 
nitrogen content, while determinations made on corpuscles showed that the sum of 
the nitrogen of the different knowm non-protein nitrogenous constituents was less 
than the total non-protein content. This discrepancy w'as similar to the one 
observed in the case of analysis made on filtrates prepared from the whole blood 
according to Folin and "Wu’s technique. It, therefore, became clear that the 
nitrogen, which could not be accounted for, w'as contained in the corpuscles. 


4 Later, Folin (1930o) found that it was the laking of blood cells in the prepara- 
tion of his filtrate which caused the discrepancy noted above. The process of laking 
disintegrated the red cells and he show'ed that most of the nitrogen that would not 
be accounted for in his system of blood analysis came very largely from the disinte- 
grated blood cells. He, therefore, changed his technique of the preparation of the 
filtrate. To prevent laking of blood cells, he introduced for the dilution of blood a 
slightly hypertonic solution of sodium sulphate, instead of distilled water. With 
the new filtrate the total non-protein nitrogen contents of whole blood tallied, 
within limits of error, with the sum of the nitrogen of the different non-protein 
nitrogenous constituents. , 


His new system of blood analysis employing the new method of preparing the 
blood filtrate and micro methods .of analysis is in almost universal use. 
however, felt worth while to re-examine the question with a view to see u the 
discrepancy in the analyses on filtrates prepared from laked and unlaked bloc 
in the case of Indian subjects was of the same order as that in the case o 

American subjects. Blood of 18 normal Indian subjects was examined and e 

results obtained are given in Tables I, II, and III. Table I gives the figures or 
the laked filtrates. Table II for the unlaked filtrates made from the same samp e 
of blood, and the average figures are given for comparison in Table HI. 

It will be noted from the comparative figures in Table III, that as much ^ 
mw. H per 100 c.c. of blood are left unaccounted for in the laked filtrate i 

compared to only 0-23 mg. N per 100 c.c. of blood in those obtained 
filtrate. These figures conform closely with those obtained by Folin and bve 
(loc. cit.) in the analysis of blood of 19 normal American subjects. i.gj 
series, 7’6 mg. of N per 100 c.c. of blood were not accounted for in the case o 
filtrate analysis while only 0-40 mg. N per 100 c.c. was the corresponding g 
the case of analysis of unlaked filtrates. 
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Table I. 

Non-prolcin nilrop&uous constituents in the bloods of IS normal subjects by 
the laked blood filtrate method. 


1 

2 

3 

4 

5 

G ■ 

7 

8 

9 

10 
11 


12 

13 

14 
13 
16 
17 

15 


Serial 
number 
in Table 
IV. 

i 

Diet. 

Non-protein , 
nitrogen, 
rag. per 

100 e.e. 

Uiea 
nitrogen, 
mg. per 
100 C.C. 

Uric acid, 
mg. per 
100 c.c. 

Creatinine, 
mg. per 
100 c.c. 

Total 
creatinine, 
mg. per 
100 c.c. 

Amino-acid 
nitrogen, 
mg. per 

100 c.c. 

3 

i 

30-00 

13-45 

3-14 

1-26 

3-14 

7-19 

8 

V 

30-00 

12-99 

2-06 

1-43 

4-03 

7-04 

23 

V 

26-43 

10-48 

3-18 

1-34 

3-29 

6-80 

28 

1 

31-91 

14-14 

2-56 

1-25 

3-39 

6-94 

29 

V t 

27*27 

12-96 

2-46 

1-63 

4-29 

6-26 

48 

V 

24-69 

12-05 

2-46 

1-36 

3-06 

6-21 

62 

M 

32-79 

14-08 

3-42 

1-20 

2-92 

7-24 

63 

V 

31-58 

13-30 

2-36 

1-43 

3-66 

7-09 

67 

U 

25-32 

11-94 

3-50 

1-13 

2-43 

6-13 

78 

V 

32-61 

13-13 

2-36 

1-41 

4-00 

7-41 

79 

M 

34-88 

13-64 

2-72 

1-31 

3-03 

8-12 

SO 

M 

28-57 

12-62 

3-17 

1-34 

3-61 

6-89 

81 

Jl? 

35-71 

14-29 

1 

3-18 

1-36 

3-28 

7-57 

94 

V 

32-79 

1 12-85 

3-19 

1-47 

3-92 

7-61 

107 

V 

26-91 

12-20 

3-04 

1-42 

3-32 

6-41 

108 

V 

26-09 

12-45 

2-96 

1-23 

2-60 

6-08 

115 

M 

30-91 

14-46 

2-72 

1-29 

2-70 

0-84 

116 

V 

27-40 

12-65 

3-44 

1-61 

4-17 

6-13 

Average 

30-38 

12-98 

2-88 

1-36 

3-38 

6-88 


In tbo diet column. V stands for vegetarian diet and M for mixed diet. 
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Taulk II. 

N on-proiein nilroijcnous conalituenls in iha bloods of 18 normal subjects by 
the xmlahed blood filtrate method. The same samples of blood 
were xised for these determinations as were tised for the 
determinations referred in Table 1. 


Number. 

1 

Serial 
number 
in Table 
IV. 

Diet. 

1 Non-protein 
nitrogen, 
mg. per 
100 c.c. 

Urea 
nitrogen, 
mg. per 
100 c.c. 

Uric acid, 
mg. per 
100 c.c. 

1 

Creatinine, 
mg. per 
100 c.c. 

Total 
creatinine, 
mg. per 
100 c.c. 

Amino-acid 
nitrogen, 
ina. per 
100 c.c. 

1 

3 

M 

1 

19-02 

13-36 

2-96 

1-42 

1-96 

3-34 

2 

8 

V 

17-55 

12-43 

2-02 

1-22 

1-80 

2-98 

3 

23 

V 

15-17 

9-93 

3-15 

1-10 

1-51 

3-08 

4 

28 

V 

' 20-50 

13-52 

2-59 

1-14 

1-70 

4-76 

5 

29 

V j 

18-63 

13-09 

2-36 

1-16 

1-56 

3-94 

6 

1 48 

' V 

' 17-13 

11-96 

2-36 

1-03 

1-18 

3-92 

1 

7 

1 

G2 

M 

: 18-93 

1 

13-30 i 

3-20 

1-04 

1-22 

CO 

8 

63 

V j 

i 18-40 

12-89 

2-36 

1-16 

1-56 

3-88 

9 

67 

M 

1 

[ 17-20 

11-91 

2-99 ! 

1-01 

1-10 

. 3-90 

10 

78 

V 

18-44 

' 12-94 

2-20 

1-12 

1-42 

3-S-i 

11 

79 

t M 

18-45 

13-15 

2-69 

1-14 

1-39 

3-42 ■ 

12 

80 

M 

17-73 

12-43 

3-06 

1-16 

1-42 1 

1 3-01 

13 

81 

M 

20-45 

13-43 

t 3-03 

1-07 

1-19 

1 4-97 

14 

94 

V 

17-81 

12-62 

i 

3-03 

1-14 

1-31 

3-98 

15 

107 

V 

17-08 

12-13 

2-86 

1-15 

1-44 

3-01 

16 

108 

V 

18-47 

12-17 

' 2-65 

1-05 

1-31 

4-38 

17 

115 

M 

18-94 

13-58 

1 

2-66 

1-14 

1-31 

4-31 

18 

116 

I 

1 

V 

1 

1 

18-20 

12-55 

' 3-21 

1 

1-14 

1-34 

4-28 

Average 

i 

1 

i 18*23 

I 

12-63 

1 

2-74 

1-13 

1 

( 

1-43 ; 

3-93 


In the diet column, V stands for vegetarian diet and M for mixed diet. 
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Tablk in. 


Giving comparison of average figures of non-protein nitrogenous 
constituents in the bloods of 18 normal subjects obtained 
hj analysis on laked and unlahed blood filtrates. 



Mo. iff pen ICO o.c. 

Constituent. 

Laked 

Unlaked 


filtrate. 

filtrate. 

Tjiea nitrogen 

12-08 

12-63 

tJrio acid nitrogen . . 

0-06 

0-91 

Total creatinine nitrogen 

X-26 

0-53 

Animo.acid nitrogen 

fi-S8 

3-93 

Total N. P. N. by addition 

22-08 

18-00 

Total N. P. N. by estimation . . 

30-38 

lS-23 

Difference 

8-30 

0-23 

i 


The figures iu Tables I, 11, and III demonstrate once again that Folia’s new 
technique of the unlaked blood filtrate and his improved methods of determination, 
of the non-protein nitro^^enous constituents have made it possible to get a correct 
idea of the non-protein nitrogen distribution in blood. The use of the new technique 
is imperative, as FoUn and Svedberg (Zoc. cit.) .say that ‘ There will be necessarily 
a sharp break between the hospital records or the past published records of blood 
analyses based on aqueous extracts from laked whole blood and corresponding records 
obtained from unlaked blood. But the conclusion seems inescapable that for nearly 
every kind of metabolism study, it must be obscuring and misleading to include in 
the analyses of blood as a transportation system an unknown mixture of residues 
obtained from the destroyed cellular elements which have no direct connection with 
the circulating waste products or food products k ‘ The unlaked blood extracts 
they wxde, ‘ axe just like plasma extracts which .... are substantially free 
from unknown nitrogenous materials ’. 


In each case the blood was drawn from the cubital vein before the subject had 
his tea or breakfast. Two milligrams of neutral potassium oxalate (Merck’s guaran- 
teed reagent) per cubic centimetre of blood were used to prevent coagulation. 
The blood sample was mixed thoroughly hi an Erlermieyer flask containing the 
oxalate. The following were determined : Total non-protein nitrogen, urea 
nitrogen uric acid, creatimue, total creatinine and amino-acid nitrogen. For 
these detennmations Folins methods were used (Polin, 19306; Folin and 

duptS ■ dl “ 


in 
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Non-Protein Nitrogenous Constituents of Blood 


Table IV gives tlie results obtained by the study of the bloods of 126 health] 
Indian men. Tlie averages are given in Table V. 


Table IV. 


Non- 2 n'olein nilro(jenous consLikienls in the bloods of 126 noniuil young men. 



S. K, GokJiale. 

Table IV — contd. 


v , ' i Noii-protein Urea 

dumber. , Age. Diet. I "'trogeii. nitroeca 

I "’g-per 

' 100 c.e. 100 C.C, 


20 


24 

22 

1 

r M 

18-00 

1 

11-95 ! 

25 

22 

M 

17-53 

1 

12-01 

26 

22 

M 

19-03 

12-89 ' 

27 

22 ^ 

i 

1 

31 

18-65 

12-38 1 

28 

, 23 

1 

V 

20-56 

1 

13-52 1 



23 


30 

23 

/ 

f ■ 

31 

i 23 


32 

23 


33 

23 


34 

23 

\ 

35 

23 

V 

36 

23 

V 

37 

23 

V 

38 

23 

V 

39 

23 j 

V 

40 

23 

y 

41 

23 

ii 

42 

23 

Ji 

43 

23 

31 

44 

23 

31 

45 

23 

31 

46 1 

23 

31 

47 * 

23 

31 

48 

24 

V ’ 

19 

.1 

V , 



3-74 

1-18 

} 

* 1-40 

3-75 

3-74 

1-26 

i 1-51 

3-82 

2-60 

1-20 ! 

1-64 

4-14 

3-40 

1-23 1 

1-55 

3-82 

2-59 

1*14 ^ 

1 

1-70 I 

1 

4-76 



or vegetarian diet and 
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Amino-aeid 
Jiitrogen, 
per 
iOO C.C. 



1*22 

1 1-53 

3-66 

1*12 

1 I'Sl 

1 4-61 

CO 

>— 1 

1 1-61 

4-26 

I'lS 

1-64 

3-44 

1-28 

l-o7 

2-87 

0-73 

0-98 

1 

1 

1 4-72 

1-05 


1 4-03 

1-15 

1-21 

j 4-05 

1-28 

1-46 

3-32 

1-13 

1-34 

3-39 

1-06 

1-34 

4-28 

1-13 

1-36 

! 3-73 

1-03 

Ms 

3-92 

1-23 

1 for njM 

1-42 

1 

4-30 
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T^vble IV — conld. 


Number. 

Age. 

! 

! 

Diet, j 

1 

) 

Non-protein 
nitrogen, 
mg. per 

100 c.c. 

. 1 

Urea 1 
nitrogen, 
mg. per 
100 c.c. 

Uric acid, 
mg. per 
100 c.c. 

Creatinine, 
mg. per 
100 c.c. 

Total 
creatinine, 
mg. per 
100 c.c. 

Amino-acid 
nitrogen, 
mg. per 
100 e.c. 

50 

24 

V ' 

10-59 

10-73 

3-33 

1-26 

1-66 

4-10 

61 

24 

V i 

17-63 

12-31 

2-48 

1-23 

1-54 

3-30 

62 

24 

V ' 

1 

18-10 

12-02 

2-74 

1-68 

2-07 

3-92 

53 

24 

V 

16-22 

11-68 

3-27 

1-04 

1-39 

3-20 

54 

24 

M ' 

19-20 

12*78 

2-84 

1-01 

1-31 

4-31 

55 

1 24 

M 

17-93 

11-68 

3-26 

0-99 

1-31 

4-07 

56 

1 24 

1 

M 

18-84 

13-96 

3-33 

1-11 

1-53 • 

3-77 

67 

24 

M 

16-54 

11-08 

3-19 

1-08 

1-41 

3-07 

58 

i 24 

M 

20-73 

14-04 

3-79 

1-04 

1-24 

4-17 

59 

i 24 

M 

18-96 

13-43 

3-63 

1-48 

1-77 

4-06 

60 

24 

M 

' 16-53 

' 11-07 

2-48 

1-06 

1-32 

3-48 

61 

24 

M 

18-22 

12-50 

2-92 

' 1-21 

1-38 

3-52 

62 

24 

M 

18-93 

t 13-30 

3-20 

1-04 

1-22 

3-92 

63 

25 

V 

1 

18-46 

12-89 

2-36 

1-16 

1-56 

3-88 

64 

25 

V 

, 20-23 

1 13-97 

1 2-59 

1-11 

1-46 

4-33 

66 

26 

V 

1 

17'07 

! 1121 

2-59 

1-26 

1-56 

3-45 

66 

25 

V 

16-06 

11-06 

: 1 

3-06 

1-23 

1-62 

3-08 

67 

25 

M 

17-20 

11-91 

2-99 

1-01 

1-10 

3-90 

68 

26 

M 

20-09 

14-53 

3-38 

1-09 

1-19 

4-27 

69 

25 

M 

18-27 

12-66 

2-94 

1-16 

1-41 

4-13 

70 

25 

M 

21-92 

14-44 

2-96 

1-11 

1-48 

4-98 

71 

25 

M 

20-38 

13-52 

3-44 

1-13 

1-46 

4-00 

72 

25 

M 

18-74 

12-70 

3-23 

1-23 

1-69 

3-73 

73 

25 

1 

M j 

17-13 

11-83 

3-02 

1-23 

1-71 

3-60 

74 

25 

1 

M 

17-22 

11-96 

3-04 

1-00 ; 

1-23 

3-58 

75 

25 

]M 

19-82 

13-44 

3-82 

1 1-05 1 

1 

1-18 

4-23 


In the diet column, V stands for vegetarian diet and iM ior mixed diet. 
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Table IV — concld. 


1 

Number, 

1 

Age. 

Diet. 

Non-protein 
nitrogen, ! 
mg. per 

100 c.e. 

Urea 

nitrogen, 

1 mg. per 
: 100 c.c. 

1 

Uric- acid, 
mg. per 
100 c.c. 

Creatinine, 
mg. per 
100 c.c. 

Total 
creatinine, 
mg. per 
100 c.c. 

Amino-acid 
nitrogen, 
mg, per 
100 c.c. 

102 

27 

1 

U ' 

1 

20*43 

I 14*04 

[ 

3-65 

1-38 

1-63 

4-14 

103 

27 

M 

19-80 

' 13-59 

3-55 

1-09 

1-29 

4-00 

lO-l 

27 

1 

M 

19-80 

j 13-73 

2-94 

1-27 

1-61 

4-09 

lOo 

27 


18-55 

! 12-74 

2-79 

1-14 

) 1-28 

1 

3-73 

lOG 

28 

V 

16-56 

1 

10-55 

2-50 

1-12 


4-18 

107 

28 

V 

17-08 

12-13 

2-86 

1-15 

1-44 

3-61 

108 

28 

V 

18-47 

12-17 

i 2-65 

1-05 

1-31 

4-38 

109 

28 i 

M 

20-54 

i 14-36 

3-54 

1-17 

1-29 

4-5S 

110 

28 

ar 

18-00 ' 

' 11-79 

1 3*o4 

1-21 

1-64 

3-78 

111 

28 

M 

1 

20-08 

13-30 

, 2-63 

1 1-18 

1-68 

4-3G 

112 

28 i 

M 

18-53 

12-75 

' 3-17 

1 1-25 

1-47 

3-75 

113 

28 

M 

20-10 

13-67 

3-12 

1-24 

1-54 

4-09 

114 

28 

M 

18-18 

12-62 

2-99 

' 1-20 

1-38 

3-97 

115 

28 

M 

1 18-94 j 

13-68 

2-66 

1-14 

1-31 

4-31 

116 

29 

V 

18-20 

! 12-65 1 

3-21 

1-14 

( 

1-34 

4-28 

117 

29 

V 

21-54 

! 14-70 

3-15 

1-41 

2-00 

4-18 

IIS 

29 

V ! 

17-53 

11-16 

3-15 

1-30 

1-66 

4-15 

119 

1 29 

V 

20-09 

i 14-51 

2-74 

1-27 , 

1-43 

! 4-07 

120 

29 

M 

15-18 1 

i 8-96 

3-14 1 

0-91 * 

1-20 

4-05 

121 

29 

M 

18-94 

I 

i 13-30 

2-58 

1-16 

1-39 


122 

30 

M 

16-06 

! 10-13 

3-03 

1-15 

1-3S 

4-08 

123 

30 

M 

20-53 

1 

! 14-63 

2-94 

1-03 

1-27 

4-03 

124 

32 

M 

18-91 

1 13-96 ! 

3-10 

1-05 

1-28 

3-38 

125 

32 

M 

17-01 

1 

11*74 

2-86 

1-07 

1-26 

3-27 

126 

32 

M 

i 

19-70 

13-73 

3*12 

j 

1-21 

'1-42 

3-82 

Avekaob 

18-43 

12-56 

' 3-02 

1-17 

1-45 

3-88 








diet. 



In the diet column, V stands for vegetarian diet and M foi mixed 
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Table V. 

jLvcfUQSs oblciMcd fov ihc iio)i-pi'otei')t iiitTOfjcnous constitucHts in tJw 
blood by the study of 126 healthy young men. 



Mo. MR 

100 0.0. 



In terms of 
nitrogen. 

Kon-protein nitrogen 

18-43 

•• 

Urea nitrogen 

12-56 

12-56 

Uric acid 

3-04 

: 1-01 

Creatinino 

1-17 

•• 

Total creatinino . . . . 

1-45 

0-54 

Aniino-aeid nitrogen 

3-88 

3-83 

Total N. P. N. by addition . . 

* . 

17-99 

Total N. P. N. by estimation . . 

•• 

18-43 

Digerenee 

•• 

D-44 


Non-protein nitrogen. 

The average for 126 subjects is 18-43 mg. per 100 c.c. of blood. The frequeacy 
distribution of the non-protein nitrogen in the subjects is given in Graph 1. The 
values range from 15-17 nig. to 21-92 mg. The mean (18-426 ± 0-082) and the 
median (18-455 ± 0-103) are very close. The standard deviation is 1-369 ± 0-0581 
and the co-efhcient of variation is 7-428 ± 0-317. The significant variation is 
17-06 to 19-80 covering 66 per cent of the subjects. 

The only data in literature directly comparable to the figures given above are 
those given byTolin and Svedberg (loc. cit.) who using unlaked blood filtrates found 
an average of 18-5 mg. per 100 c.c. with a range of 13-8 mg. to 20-8 mg. for 19 
normal -Americans. These workers do not give the age range of their subjects 
but merely say they were students. They at the same time had also made 
determination of non-protein nitrogen on the same samples using laked blood 
filtrates. In this case their average for the 19 subjects was 30-7 mg. (range 
25-6 mg. to 42-0 mg.) per 100 c.c. 

The rest of the data for total non-protein nitrogen content of blood available in 
literature is that obtained from analysis of laked blood filtrates, e.g., Hawk and 
Bergeim (1938) ; Berglund (1922). The values generally range froin 25 mg. to 
35 mg. per 100 c.c. with an average of about 30 mg. These figures compare with 
my average of 30-38 mg. (range 24-69 mg. to 35-71 mg.) per 100 c.c., obtained by 
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(Tabkir MaM‘’bbod®MS^^ bj «« use of laked blood atrates 

su^iects gave for the non-protein nifcro<.en contenrnTT of these 18 

15-17 mg. to 20-5G mg.) pir 100 c.c. " ^ 18-23 mg. (range 

unlaked bloo^cl filtrater(18-^?m- '1 uon-protein nitrogen content in 

pel- 100 CO. This lalge difleCoe'iffc 

-Ui^iixes loi the non-protein nitrogen 


Graph i. 



of the undetermined or rest nitrogen, results from the destruction 

metabolism do with the process of 

Ssa^ea ras fsh'own'rTrblerrn ''' or rss/niiroga,. 

the mp nP 1-l.p 1 n f 1’ . III. It IS evident, therefore, that 

nitrocrpn mpPnl-inT , ®°d filtrate IS imperative if aiiy studj of the noii-protein 

ini-porah'nn nV ^ .®°d m to be made. Inclusion of material from the dis- 

filtrfpp m n rl nf ^ blood filtrate, as happens in the laked blood 
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Urea ?iiTBOGEK. 

TU. average urea Jle .t'S 

per 100 C.C. of blood. The Graph 2 The mean and the median are 

The frequency cbstributiou is ^'^pectively. The standard deviation 

• °'',“?37 1 Ofl” 3 aS tl» «o effiSeZt ;arialon is 9-053 ± 0-388. The s,gndioant 
vaSta is U -tVto 1?™ and covers 60 per cent of the subjects. 


Graph 2. 



¥olm and Svedberg {he. cit.) using unlaked filtrate found an average of 12-6 mg. 
per 100 c c. mth a ranie of 9-4 mg. to 14-2 mg. for their series of normal subjects 
A lar«e number of other data are available in literature but these were obtamed 
by the use of laked blood filtrates. Folin and Svedberg (Zoc cit.) themselves deter- 
uLed on their normal subjects urea nitrogen m laked blood filtrates and obtamed 
an average of IS'O mg. per 100 c.c. with a range of 9-8 mg. to 14-5 mg. Berglmd 
(loc. ch.) gives an average of 12-0 mg. per 100 c.c. (range 9 mg. to 15 mg^) n;hile 
Hawk and Eergeim {he. cit.) give a range of 10 mg. to 15 mg. per 100 c.c. MacKay 
and MacKav (1927), summarizing availahle data in literature together with data 
of their own, give values ranging from 5 mg. to 23 mg. of urea nitrogen with an 



688 


Non-Pfotem Nitrogenous Constituents of Blood. 


average of 15’4 mg. per 100 c.c., but the great majority of their values fall between 
8 mg. and 18 mg. per 100 c.c. Priestley and Hindmarsh (1924, quoted by Peters 
and van Slylce, 1931) fomrd an average blood urea nitrogen content of 11-3 mg. 
per 100 c.c. of blood. My analysis of 18 bloods of normal Indians done on laked 
Mtrate (Table I) gives an average of 12'98 mg. (range 10’48 mg. to 14'46 mg.) 
per ICO c.c. Unlaked blood filtrates from the same samples of blood of these 18 
subjects gave an average of 12'63 mg. (range 9'93 mg. to 13'38 mg.) per 100 c.c. 

It will be observed that the urea nitrogen content when estimated in unlaked 
filtrate does not materially differ from that obtained in laked blood filtrate 
(compare 12-63 mg. with 12-98 mg.), but the total non-protein nitrogen content of 
laked filtrates is higher by 12 mg. per 100 c.c. Therefore, for unlaked blood, 
the urea nitrogen represents about 68 to 69 per cent of the total non-protein 
nitrogen, whereas for laked blood it represents only about 42 per cent. 


Ratio between total urinary nitrogen and blood urea nitrogen. 

Ever since the methods for the determination of urea nitrogen in blood and 
urine came into vogue efforts have been made to establish a relation between con- 
centration of nitrogenous products in urine and in blood. Earlier workers, e.g., 
SIcLean and Selling (1914), tried to establish a relation between concentration of 
urea in blood and in urine on the lines of Ambard’s co-efficient. They have given 
data for 10 normal individuals. Their results give an average total urinary nitrogen 
in 24 hours of 10-02 g. and an average blood urea nitrogen content of 14-95 mg- 
100 c.c. Erom these figures a ratio between total urinary nitrogen in grammes 

and blood urea nitrogen in mg. per 100 c.c. will be approximately 

Later, Peters and van Slyke (toe. cii.) worked out a relation between total 
urinary nitrogen and blood urea nitrogen, basing their observation on the resui s 
obtained by Priestley and Hindmarsh (toe. cit.) and MacKay and MacKay (wc. 
cit.). They wrote ‘From the data of MacKay and MacKay (1927) and o 
Priestley and Plindmarsh (1924) one may conclude that in normal subjects le 

ratio averages approximately 1:1- 

data of MacKay and MacKay referred to by Peters and van Slyke sno^ 
in men fed 1*1 grammes of protein per kilo per day, the range ‘l 

contents was found to be from 9 mg. to 17 mg. of urea -nitrogen. Mac ‘ ^ 
MacKay have not given actual figures of their results, but from their g 
depicting their results, it seems that an average blood urea nitrogen con 
about 12 mg, per 100 c.c. and average total urinary nitrogen conten o 
11 grammes in 24 hours have been obtained by them for their six non 
fed on 1-1 g. of protein per kilo per day. 

While a ratio of 1 to l-.b was obtained from the results of determinati ^ 
by McLean and Selling as quoted above, a ratio of 1 : 1 and 

Peters and van Slyke on the basis of results of Priestley ‘ 

MacKay and MacKay. Results obtained here on nopnal „ (otal 

(Table VI) do not confirm either of the above two ratios. 4 he 5.59 

urinary nitrogen in 24 hours for the normal Indian subjects su 
and the average blood urea nitrogen is 11-94 mg. per 1 
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the ratio between the total urinary nitrogen in gi'anunes and the blood 
urea nitrogen in 100 c.c. will in the case become —1:2 approximately. 
The diet of the Indians differs from that of the American or Australian subjects. 
The total urinary nitrogen excretion in 24 hours of Indian subjects is generally 
below 7 g., while that of the American subjects is generally over 12 g. The 
urea nitrogen contents of blood, however, do not so differ in the two cases, 
being about 12 mg. per 100 c.c. 

It appears that a definite ratio does not exist between the total urinary 
nitrogen and the blood urea nitrogen as the urinary nitrogen concentration depends 
on the nitrogen content of diet. A diet, less rich in meat proteins, will give a lower 
urinarv iritrogen excretion ; but it will not lower the non-protein or urea nitrogen 
content in blood. Folin (1917), while discussing the blood non-protein nitrogen and 
urea nitrogen levels, remarked ‘ Nor are these levels materially affected by reasonable 
variations in the nitrogen content of the food. . . . One interesting aspect of the non- 
protein nitrogen and urea problem is the question as to the effect of the food protein 
on the level maintained. In the case of strictly normal persons it makes practically 
no difference whether the diet is rich or poor in nitrogen It is only extremely 
low protein intake, as found by Smith (1926), that will cause a lowering of blood 
non-protein nitrogen. In normal persons consuming adequate protein, non-protein 
nitrogen or urea nitrogen content will remain materially unchanged in blood 
whether the diet is a high protein or a low protein one. Such a difference in 
the diet will only cause a difference in the total urinary nitrogen. 


Table VI. 

ToUil nitrogen excretion in 24 hours’ collections of urine and 
urea nitrogen content in blood in 6 
nonml subjects. 


Number. 

' Total nitrogen 

1 in 24 hours’ 
j urine, grammes. 

J . 

Blood urea 
nitrogen, mg. 
per 100 c.c. 

1 

' 6-01 

12-14 

2 

5-84 

13-50 

3 

6-14 

9-80 

4 

3-02 

12-87 

5 

, 6-66 

13-04 

6 

j 6-26 

10-31 

Avek.voe . . 

0-59 

U-94 


Uric acid. 

The average obtained for the 126 normal subjects examined is 3-02 m-^. 
per 100 c.c. of blood. The frequency distribution of the values obtained is shown 
m tri'aph 3. Ihe values range between 2-02 mg. and 3-82 mg. per 100 c.c. of 
blood. The mean 3-023 ± 0-0236 and the median 3-033 ±0-0301 are quite 
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close. The standard deviation is 0'395 ± 0'0167 and the co-efficient of variation is 
13-21 ± 0-571. The significant variation is 2-63 to 3-42 and covers 67 per cent 
01 the subjects examined. The 3-02 mg. of uric acid correspond to T007 nig. 
of uric acid nitrogen when expressed in terms of nitrogen. 


Graph 3. 



Milligrams per 100 c.c. 

Uric acid in 126 men. 


Foiin and Svedberg {loc. cit.) working with unlaked filtrate obtained an 
average of 2-6 mg. per 100 c.c. with a range of 2-2 mg. to 3-2 mg. for 
normal bloods. 

One finds in literature figures for laked blood filtrates varying from 2-5 mg- 
to 5-0 mg. per 100 c.c. for uric acid content of normal human blood (Peters an( 
van Slyke, loc. cit.). These figures were based on the use of the old met lo • 
of Foiin and Wu [loc. cit.) and Benedict (1922). Later modifications 
these earlier methods and improved uric acid reagent gave a range of 
3-5 mg. per 100 c.c. (Hawk and Bergeim, loc. cit.). Foiin and Svedberg 
again improved the method and introduced a specially sensitive uric acid 
ifsing this improved method they have determined uric acid in the laked 



,S. K. GoMmle. 


691 


filtrates of tlieir normal subjects and obtained an average of 2-5 mg. with a 
range of 2-2 mg. to 3-3 mg. per 100 c.c. 

The analysis of the laked filtrates of the bloods of my series of the 18 
normal Indians gave an average of 2-88 mg. to 3-50 mg. (Table I). Unlaked 
blood filtrates from the same samples of blood of these 18 subjects gave 
an average uric acid content of 2-74 mg. per 100 c.c. with a range of 2-02 mg. 
to 3-21 mg. (Table II). These results show that the uric acid content in unlaked 
blood filtrate does not appreciably differ from that in laked blood filtrate. 

Creatinine. 

The average creatinine content in the 126 normal subjects studied is 1-17 mg. 
per 100 c.c. of blood. The values ranged between 0-73 mg. and T68 mg. The 

Graph 4. 



Milligrams per 100 c.c. 

Creatinine in 126 men. 


frequency distribution of the values obtained 
1-166 ± 0-0065 and the median 1-172 x 0 0081 


i.s shown in Graph 4. The mean 
are quite close.' The standard 
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deviatiou is 0'109 ± O'OOiG and the co-efficient of variation is 9‘348 i: 0'401. The 
significant variation is 1-06 to 1-28. Seventy-five per cent of the subjects studied 
fall within tlie range of significant variation. Ninety per cent of the values are 
between 1-01 and 1-30, thus clustering near the average of 1-17 mg. 

FoJin and Svedberg (he. cit.) using unlaked filtrates obtained an avei’age of 
1'09 mg. per 100 c.c. with a range ot r03 mg. to 1‘20 mg. for their normal bloods. 

Peters and van Slyke (loc. cit.) and Hawk and Bergeim (loc. cit.) give for laked 
blood filtrates a range of 1 mg. to 2 mg. per 100 c.c. for creatinine content in 
normal human blood. Folin and Svedberg (loc. cit.) obtained by analysing laked 
filtrates of the bloods of their normal subjects an average of 1'38 mg. (range 1'20 mg, 
to 1'45 mg.) per 100 c.c. My series of 18 subjects gave for laked blood filtrates an 
average creatinine content of 1-36 mg. (range 1-20 mg. to 1-63 mg.) per 100 c.c. 
(Table I). Unlaked blood filtrates from the sa'mples of blood of these subjects gave 
an average of M3 mg. (range 1-01 mg. to 1-42 mg.) per 100 c.c. (Table II). 

It will be observed that the values for creatinine content obtained for unlaked 
blood filtrates are lower than those obtained for laked blood filtrates. This is 
because the laked blood filtrate as a result of the disintegration of the corpuscles 
contains substances which react with the alkaline picrate reagent. 

Danielson (1936) and Miller and Dubos (1937) have shown that the erythrocytes 
contain large amounts of the non-creatinine material and that the non-creatinine 
material constitutes only a small fraction of the total chromogenic material in the 
normal plasma. Miller and Dubos (loc. cit.) remark ‘ ... it seems desirable to 
discontinue the analysis of whole blood filtrates for “ apparent creatinine ” and to 
restrict such analyses entirely to plasma or serum. The results would then be a 
fairly good approximation of the true values in normal individuals. If whole blood 
must be employed, then it would seem preferable to prepare the filtrate by a tech- 
nique (Folin, 1930h) which obviates the laking of the erythrocytes. Creatinine 
values obtained by this technique agree reasonably well with those found by us for 
true creatinine in normal plasma ’. 


Total ckeatinine. 

Total creatinine is the preformed creatinine plus the creatinine corresponding 
to creatine. The creatine is transformed to creatinine by the action of dilute hydro- 
chloric acid in an autoclave and then the total creatinine is determined. _ Subtract- 
ing the amount of the preformed creatinine gives the amount of creatinine corres- 
ponding to the creatine. 

The average obtained for the total creatinine content for the 126 subjee s 
studied is 1'45 mg. per 100 c.c. of blood. The values range between 0'98 am 
2-07 m». Graph 5 gives the frequency distribution of the values obtained 
subjects studied. The mean is 1'448 ± 0-0107 and the median is 1-464 ± O'Ol ‘ • 
The standard deviation is 0-179 ± 0-0076 and the co-efficient of variation 
12-36 ± 0-533. The significant variation is 1-27 to 1-63 and covers 70 per cen 
the subjects. 

The average content of preformed creatinine for the 12^ 
was 1-17 mg. per 100 c.c. Subtracting 1-17 mg., the value 
creatinine, frorh 1-45 mg., the average value obtained for tota 


; subjects studied 
of the preformea 
! creatinine leaves 
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0*28 (1'45 mg. ~ ri7 mg.) per 100 c.c. for the creatine content. But this 
value is in terms of creatinine. Expressed as creatine, this 0'28 mg. will become 

0‘2S X 131 (moi. weight of creatine) 

'113 (mol. weight of creatinine) -■ o' 

Figures given in literature for creatine content in blood are those obtained from 
laked blood filtrates. Hammett (1920) gives an average creatine content of 3-59 
mg. (1-30 mg. creatine nitrogen = 3'59 mg. creatine) per 100 c.c. Peters and van 
Slyke (loc. cit.) have quoted values varying from TS mg. to 7 mg. per 100 c.c. for 
creatine concentration in normal human blood. They remark ‘ the inaccuracy and 
* lack of specificity of analytical procedures may in part explain this great variability 


Graph 5. 



Milligrams per 100 c.c. 

Total creatinine in 226 men. 


Hawk and Bergeim (ha. cit.) give a range of 4 mg. to 5 mg. per 100 c.c. The analysis 
of laked filtrates of the bloods of my series of 18 normal Indian subjects (Table I) 
gave an average creatine content of 2-34 mg.* per 100 c.c. Unlaked filtrates 


* Subtracting the creatine average of 1-36 rag. from the total creatinine average of 3-.38 mv 
2-02 mg. as the value for creatme m terms of creatinine. 2*02 mg. become 2-3f when in 

terms of creatine : — Vra — -b 

1X0 


• J, MR 


7 
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from the same samples of blood of these 18 subjects (Table II) gave an averat^e of 
0-35 mg * per 100 c.c. 

These figures show that the laked blood filtrates contain much more creatine 
than the unlaked blood filtrates. This is due to the disintegration of the corpuscles. 
The unlaked blood filtrate contains a very small portion of the creatine content of 
the whole blood, because creatine in the blood is mainly contained in corpuscles as 
has been shown by various workers, e.g.. Hunter and Campbell (1917, 1918), 
Wilson and Plass (1917) and Wu (foe. ciL). Wu by direct analysis of the corpuscles 
and plasma obtained a creatine value of 6'77 mg. per 100 c.c. for corpuscles and 0'27 
mg. per 100 c.c. for plasma, respectively. The low values for the creatine content 
in the unlaked blood filtrate also confirm these observations. 


Amino-acid nitrogen. 

The average amino-acid nitrogen content in blood for the 126 normal 
subjects examined is 3-88 mg. per 100 c.c. of blood. The values obtained 



Milligrams per 100 c.c. 

Amino-acid nitrogen in 126 men. 

range between 2-71 mg. and 4-98 -mg. Graph 6 gives the 

bution of the values obtained. The mean 3*877 ± 0*0261 and th 

- - - - ~ ^ , -f 1 *43 

* Subtracting the creatine average of 1*13 mg. from the total creatuune average 

0*30 mg. as the creatine value in terms of creatinine. Expressed as creatine, m o 

(0-30 X 131). 

113 
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3'9il X 0'0327 are close. The standard deviation is 0-437 ± 0-0186 and the co-effi- 
cient of variation is 11-27 x 0-485. The significant variation is 3-44 and covers 
70 per cent of the subjects. 

For unlaked blood filtrates Folin and Svedberg (loc. cit.) found for their 19 
normal subjects an average amino-acid nitrogen content of 5-0 mg. (range 4-2 mg. 
to 5-6 mg.) per 100 c.c. Danielson (1933) gives an average of 3-0 mg. per 100 c.c. 
with a range of 2-3 mg. to 3-73 mg. for unlaked blood filtrates for his series of 29 
young men. 

Other data given in literature are based on analysis of laked blood filtrates. 
Peters and van Slyke (loc. cit.) and Hawk and Bergeim [he. cit.) quote a range of 
a mg. to 8 mg. per 100 c.c. for the amino-acid nitrogen content in normal human 
blood. Folin and Svedberg (loc. cit.) found by analysis of laked blood filtrates of 
their normal subjects an average of 8-7 mg. (range 7-8 mg. to 10-2 mg.) per 100 c.c. 
Analysis of laked filtrates of the blood of 18 of my series of normal subjects 
(Table I) gave an average of 6-88 mg. (range 6-08 mg. to 8-12 mg.) per 100 c.c. 
Unlaked blood filtrates fronr the same samples of blood of these subjects (Table II) 
gave an average of 3-93 mg. per 100 c.c. with a range of 2-98 mg. to 4-97 mg. 
Thus, laked blood filtrates give for amino-acid nitrogen content values higher than 
the unlaked filtrates do. In Danielson’s (1933) opinion these higher values in laked 
blood filtrates are due to the presence in such filtrates of substances contained in red 
blood cells ‘ having one or more free amino groups capable of reacting with oiu: 
reagents and are not capable of diffusing out of the red blood cell ’. The unlaked 
blood filtrate allows expulsion of the interfering substances. 

StniJIABY. 

1. Standards for the normal averages for the non-protein nitrogen constituents 
in blood have been worked out by the study of the bloods of 126 healthy young men 
from the Bombay Presidency between the ages of 18 and 32 years. The findings 
are tabulated as follows ; — 


Averages and range of variation in nonml findings of 126 healthy young men. 


\ 

1 

1 

1 

ilcan 
rag. per 
100 c.c. 

Minimum 
mg. per 
100 c.c. 

1 

i 

Maximum 
; P&r 

100 c.c. 

1 

! 

Standard I 
delation, j 

i 

Percentage 
of subjects 
within 
significant 
variation. 

Xon-protein nitrogen . . j 

IS-4.3 

15*17 

21-92 

i 

± 1-37 ; 

' 66 

Urea nitrogen . . . . | 

12-o6 

S-96 

U 70 

1 i 

1 ± ' 

1 

66 

Uric acid . . . . , , I 

302 

1 

202 

1 

3*82 

j 

± 0-395 ^ 

1 67 

Creatinine . . . . 

1-17 

0-73 

l-OS 

± 0-109 ! 

i 75 

Total creatinine . . . . 

1-45 

0-9S 

2-07 

± 0-179 

i 70 

Auiino-acid nitrogen .. .. 

3-SS 

2-71 

4-9S. 

± 0-437 

t 70 
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These averages are obtained by the analysis of unlaked blood filtrates accord- 
ing to the improved technique of Folin. In the new technique a slightly hypertonic 
solution of anhydrous sodium sulphate is used for dilution of the blood instead of 
distilled water, to prevent the laking of the red corpuscles. The. filtrate thus 
obtained is free from material set free by the disintegration of the red cells. The 
total non-protein nitrogen is completely accounted for by the sum of the amounts 
of the different non-protein nitrogenous constituents. This was not the case when 
laked blood filtrates were used for analysis. 

2. Samples of bloods were analysed by using both the laked and unlaked fil- 
trates and the results compared. The total non-protein nitrogen, creatinine, total 
creatinine, and amino-acid nitrogen content values in unlaked filtrates are markedly 
lower than those obtained in laked filtrates. The uric acid and urea nitrogen con- 
tents are almost at the same level, slightly lower values being obtained in unlaked 
filtrates. 

The urea nitrogen content in unlaked blood filtrate analysis is about 68 per 
cent of the total non-protein nitrogen content, while in the laked filtrates urea nitro- 
gen works up to about 42 per cent of the total non-protein nitrogen. 

3. A ratio of 1 : 2 between total urinary nitrogen excretion in 24 hours in 
grammes and the blood urea nitrogen in mg. per 100 c.c. is obtained. This differs 
from the ratio of 1 : 1 obtained by other workers for European and American 
subjects. The reason seems to be that, while the blood urea nitrogen obtained from 
Indian subjects tallies with that for European and American subjects, the total 
urinary nitrogen excretion is only about half. 
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In a previous paper Chopra, Mukherjee and Chopra (1935) observed that the 
percentage of total proteins in the blood sera of opium addicts stands at the lower 
limit of the range for normal subj ects. This they attributed to the hydriemic condi- 
tion of the blood as a result of the opium habit. In course of their studies on 
experimental addiction to morphine in dogs. Barbour, Hunter and Richey (1929) 
also observed a slightly low specific gravity in both blood and serum and also a 
depression of the water exchanges with the environment. These observations, 
however, clearly point to an increase in the fluid content of the blood. 

On withdrawal of the drug habit it has been observed by Chopra and Chopra 
(1937) in more than 120 cases of human addicts of long standing that a general 
dehydration of the body takes place in the form of excessive perspiration, abnormal 
salivation, and in most of the cases an obstinate diarrhoea. Such observations 
have also been made by workers like Sollier (1910), Maguin (1909), Pierce and 
Plant (1928), and others. Some of them have observed an actual polyuria in many 
addicts on withdrawal. These facts, however, strongly suggest that such a 
dehydration process may have an ultimate eSect on the hydrsemic condition of 
the blood. From our previous observation that a diminished excretion of water 
during addiction in most of the cases was invariably accompanied by an increase 
in the fluid content of the blood, we were inclined to believe that an excessive 
secretion on withdrawal will have a reverse efiect leading to an increase in the 
percentage of serum proteins. In the literature, however, we come across several 
workers who have observed an increased hydraemic state of the blood on with- 
drawal leading to a further dilution as compared to pre-withdrawal period. Thus 
Barbour, Hunter and Richey (loc. cit.) are of opinion that a ‘ hypersecretion of 

( 699 ) 



700 


Abstinence Synvpioms in Opium Addiction. 


morphine withdrawal rather than causing a hypothetical dehydration or “ detoxi- 
fication ” may be looked upon as a natural accompaniment of the hydration of 
blood and probably of the tissues in general They, however, explain their 
conclusions on the hypothesis that ‘ regardless of diet, addiction diminishes the 
water intake as well as the water “ deficit Withdrawal evokes a decided 
overcompensation in both the above factors Pierce and Plant (ioc. cit.) also 
subscribe to a similar opinion. 

The recent work of Chopra and Roy (1937) on the lipoids and cholesterol 
content in the blood sera of opium addicts before, during, and after withdrawal, on 
the contrary, points to the probability of a diminution in the water content of the 
• blood on withdrawal as we previously -supposed. These conflicting views led us to 
undertake the present w'ork and to actually determine the effect of withdrawal on 
the blood fluid and also to e.xplain, if possible, the rationale of the treatment of 
opium addiction by the help of lecithin and glucose that have proved successful in 
a large majority of cases observed by us. For this reason confirmed opium addicts 
of long standing were admitted into the Carmichael Hospital for Tropical Diseases, 
Avhere they were kept under strict supervision. Every precaution was taken to 
stop the supply of the drug to the subjects by smuggling. The urine of the addicts 
under treatment were regularly examined for morphine to be sine that the subject 
was not surreptitiously taking any of the drug. Blood sera from these addicts were 
examined for total proteins before, during, and after the withdrawal of the drug. 

ExperinienUd procedure . — Five c.c. of venous blood were taken and the serum 
separated from it. The total proteins of these sera were estimated by the micro- 
refractometric method of Robertson as previously described (Chopra, Bfukherjee 
and Rao, 1934). The serum was examined soon after the admission of the patient, 
then again three or four days after admission during which period the drug was 
withheld and withdraAval symptoms were acute. Lastly, they were again examined 
after the withdrawal symptoms have been relieved by treatment with lecithin. 
The data obtained are presented in the Table : — 


Table, 


Case number. 

Pekcextai 

Before 

treatment. 

aE OF TOTAL F^OTEIKS, 

Withdrawal [ After 

period. ' treatment. 

Case number. 

Peecenta 

Before 

treatment. 

GE OF TOTAL 

Withdrawal 

period. 

PEOTEINS. 

After 

treatment. 

i 

1 

7-1 

• • i 

i 6-63 

7 

7-44 

8-01 

7-28 

2 

7-85 

j 

8-93 

6-69 ; 7-25 

8 

7-22 

7-89 

7-30 

i 

3 

j 8-09 

7-6 i 

1 

[ 7-39 

9 

6-93 

j 

7-31 

' 7-25 

’4 

1 

1 9-78 i 

1 

8-87 

1 

9-12 

10 i 

8-66 

,9-07 

8-82 

5 

j 

7-76 

7-61 


11 

8-37 

9-04 

8-74 ; 7-46 

6 

1 

8-0 

7-34 i 

7-53 

12 

8-97 

i 9-45 

8-18; 7 - S 2 
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Table — concld. 


o 1 

g 

Pebcextaoe or total 

PKOTEIKS. 

c 

o 

a 

Pebcentaqe op total 

PROTEINS. 





3 





Before 

Withdrawal 

After 


Before 

Withdrawal 

After 

3} 

c5 

treatment. 

period. 

treatment. 

ai 

c5 

o 

treatment. 

period. 

treatment. 

13 

8-47 

8-66 

8-33 ; 8-10 

22 

6-S4 , 

7-03 


11 

8-20 

S-30 

8-10 

23 

7'35 

6-73 

7-53 

15 

6-78 

7'35 

6-97 

24 

6-82 

7-44 

7-15 

16 

7-72 

8-29 

8 -03 

25 

8-59 

8-89 

8-74 

17 

7-52 

7-9 

7-32 

26 

8-33 

9-00 

8-49 

IS 

5-82 

6-67 


27 

8-92 

9-38 

9-2 ; 8-72 

19 

7-28 

6-82 

•• 

28 

8-38 

8-60 

8-24 

20 

6-96 

7-4 

6-16 

29 

8-08 

8'28 

7-98 

21 

7-68 

8-14 

7-45 

30 

6-52 

7-13 

6-72 


Discussion. 


In most of the cases it is found that the concentration of proteins present in 
serum before treatment undergoes a definite increase during the withdrawal period 
and returns gradually to almost the pre-withdrawal value after the addict has been 
thoroughly treated. In a very few cases the percentage of protein during the with- 
drawal period instead of increasing has suffered a diminution. In such cases 
however, the values have not changed very much after treatment. This strongly 
suggests the presence of certain other factors controlling the total protein content 
of the blood. 


The increase in the total protein content during the period of withdrawal as 
a general rule runs parallel to the appearance of withdrawal symptoms. Excessive 
outflow of water from the body is one of the marked withdrawal symptoms that has 
been observed in almost all the cases studied by us. This apparently points to a 
^sturbance m the flmd equilibrium in general in the body. The drainaae of fluid 
is lihely to affect the blood in the long run and the loss of water that thelilood has 
to suffer due to an excessive drainage may increase the percentage of serum 
proteins. The concentration of other blood constituents may also be affected 
in a similar way Barbour, Hunter and Eichey {loc. cit.) under similar conS 

of both blood and serum on withdrawal than during addiction and certaif other 
changes that point to an increase in the blood fluids. In only 4 out of S 
cases we have been able to observe any indication of an increased blotl 
hydration. It will not be out of place to mention here that aU om snSect 
were given to opium addiction for prolonged periods, while BarboS^rnd 
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co-workers worlced with dogs whose period of addiction may be regarded as com- 
paratively short. It is quite likely that this conflicting observation may be the 
result of a fundamental difference in the period of addiction. This remark of 
ours may be justified because these workers could not observe any change in 
specific gravity on longer addiction as compared to normal dog’s blood sera. 
It is quite possible that they would have observed an actual increase of specific 
gravity on still longer addiction. Absence of any marked withdrawal symptoms 
in dogs of long addiction as observed by Barbour and co-workers could not, 
however, be corroborated by us in our human subjects. On the contrary, we 
observed that in general the longer the period of addiction the more acute the 
withdrawal symptoms. 

Brom our data taken after treatment it is evident that the proteins have 
returned almost to their original values. The effect of treatment may, therefore, 
be taken to have restored the fluid equilibrium of the system to its previous 
level. 

In a previous paper by Chopra, Mulcherjee and Chopra {he. cit.) it was indicated 
that the observed increase of euglobulin probably meant an ultimate drainage of 
phosphate from the nerve cells. Lecithin treatment was, therefore, suggested on 
that basis. In the majority of cases lecithin decreased the intensity of withdrawal 
symptoms and shortened their duration (Chopra and Chopra, loc. cit.). But 
in spite of its administration the abstinence syonptoms were very severe in some 
of the subjects and in these cases intravenous injections of 25 c.c. of 25 per cent 
glucose helped to ameliorate the condition. Although lecithin was unable to 
cope with the severity of the withdrawal symptoms it doubtless removed the 
craving for the drug in the majority of cases (Chopra and Chopra, loc. cit.). 

However the role of glucose in such cases can be understood from our present 
observations. By treatment the ultimate effect seems to be the restoration of the 
water balance. Therefore, any drug that confers a fluid retaining power to the blood 
is expected to have good effect. Carbohydrates in general and glucose in particular 
are known to have this water retention capacity. Glucose, therefore, in addition 
to stacking the liver with glycogen to enable it to cope with the unusual strain on 
this organ during the process of elimination of morphine, helps retention of water 
in the blood and keeps up the blood hydration'level to its normal value. Iro® 
the above we may, therefore, conclude that lecithin tones up the nerves or e 
addicts and glucose helps to restore the disturbed water balance, and so it is no 
difficult to see how these twm together produce the desired effect in removing 
drug habit and alleviating abstinence symptoms from an opium addict. 


Summary and conclusion. 

1. Withdrawal of opium causes an increase in the total proteins in the bio 

sera, thereby indicating a loss of fluid from the blood. ^ 

2. Treatment of opium addiction by means of lecithin and glucose briiioS 
total proteins to their pre-withdrawal level. 

3. A rationale of the action of glucose has been put forward. 
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« 

As early as 1880, Samuel Feuwick in his observations on ‘ Atrophy of the 
Stomach ’ stated that ‘ the volume of blood depends on the quantity of nutriment 
dissolved and absorbed by the digestive tract ’. The importance of failure of gas- 
tric function in the causation of ansemia was not realized until the methods for 
investigating it became more simplified. An analysis of gastric contents has now 
become a recognized laboratory investigation in the diagnosis of disease processes. 
Refinements in the technique of obtaining specimens for examination have made 
the procedure popular and analysis of gastric contents is frequently resorted to in 
the diagnosis of many morbid conditions. Over 600 analyses are carried out every 
year in the Central Clinical Laboratory of the King Edward VII Memorial Hospital, 
Bombay. Since such a large amount of material was available it was decided to 
study in greater detail cases exhibiting achlorhydria, a condition which is not 
infrequently met with in the cases sent for clinical investigation. During a 
period of seven months (1st September, 1937 to 30th April, 1938) 515 cases were 
investigated in the department and of these 102 showed achlorhydria. 

The incidence of achlorhydria in general disease has been investigated by a 
large number of workers in countries having temperate climates and, combining 
both sexes, it appears to vary from 10 to 15 per cent, from observations of 
Andresen, Eggleston, Vanden Hoof, Hurst, Kohiyar, and others. Apperley on a 
basis of 200 cases gives a figure of 18 per cent and Nye and Sippe on an analysis 
of 350 cases give a figure df 21 per cent. We have gone through the fractional 
analysis of our cases for the last five years, 1933-1937 (inclusive), and on the 
results of 2,873 cases we find the percentage of cases showing achlorhydria as 20-8 
per cent in agreement with the figures of the latter three Australian workers " It 
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has been suggested that the incidence of achlorhydria in the tropics is greater 
than in temperate climates and the result of our analysis seems to support this 
suggestion. 

In recent years it has been realized that many cases of achlorhydria were not 
genuine cases of achlorhydria as they could be induced to secrete hydrochloric acid 
under certain conditions mainly after the use of gastric stimulants such as' 
histamine. For various reasons it was possible to study only 75 cases by a repeti- 
tion of the test analysis after histamine injection, and the results of these tests 
form the basis of this study. 

The acid reaction of normal gastric secretion was demonstrated for the first 
time by Reaumur in the year 1752 and was later confirmed by Spallanzani. That 
it was hydrochloric acid which was responsible for the acidity was probably first 
demonstrated by Front 80 years later. It took another 40 years or so before the 
device of using a tube for withdrawing the samples came to be introduced by von 
Leube in the year 1879. Later, Ewald, Boas and others employed a one-hour test- 
meal for the purpose of investigation. Gross suggested the use of soft catheter for 
taking out samples of gastric contents but the large-bore tube remained in use until 
the year 1920 when Einhorn, Rehfuss, Ryle, and others simplified the technique by 
the use of a fine-bore tube and demonstrated the value of a fractional test-meal 
analysis over the one-hour sample test after Ewald breakfast. Various other test- 
meals were introduced from time to time with a view to make the test more reliable 
at the same time simple. None of them, however, has been adopted so extensively 
as the gruel meal (oat meal) initiated by Rehfuss which is still employed in one of 
the standard methods of investigating gastric contents. Egglestone has shown 
that out of 100 patients showing absence of free HCl by one-hour test-meal method 
50 showed hydrochloric acid when the fractional method was used. The cases 
taken up for investigation showed achlorhydria by the fractional method after the 
use of a gruel meal. 

When a large number of gastric analyses came to be performed it soon became 
apparent that in some cases achlorhydria was present in the absence of any symp' 
toms relating to the stomach or any general disease such as ancemia or any other 
obvious cause. In order to be able to interpret such findings it became necessary 
to find out the character of -the gastric contents in healthy individuals. 
and Ryle investigated a series of 100 apparently healthy University students by m 
fractional method and found that four of them showed achlorhydria. _ Observa lon^ 
on an extended scale showed that the incidence of achlorhydria increased 
increasing age. Hurst gives a figure of 10*3 per cent for ages between 20 and oy 
on the basis of 2,356 test-meals done on all patients admitted to the New no □ 
Clinic, excluding cases of carcinoma, Addison’s anaemia, and partial gastrec oi 
Vanzart in her analyses of 3,381 cases with a normal digestive tract fin 
the percentage of achlorhydria increased from 4 at the age of iijd 

at the age of 60 years. N. Rao has done gastric analysis by the fractiona 
on healthy South Indians and gives the figure for achlorhydria as 7 pe 
Bhatia, Patel and Dundas (1931), working in Bombay, state thaty7 £20-8 
normal healthy individuals showed achlorhydria ; a figure higher than 
per cent which we have found in general disease on an analysis ot ^Qjjgidet 

number of cases on which they based their observations was only 30. 
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this to be too small to work out a percentage. Further observations on the 
incidence of achlorhydria in normal healthy individuals would be necessary in 
order to obtain a correct idea of its incidence. 

Criticism used to be made that the curve of acidity of a given subject may vary 
from day to day. Ryle (1926) mentions that there is no substantial variation in 
many of his cases and in himself when the fractional test-meal was repeated. He 
quotes Bell and Adato who repeated an analysis on 20 consecutive days on the same 
person and found that the general conformation of the curve was similar, although 
the curve obtained on the first day was distinctly lower than on subsequent days. 
It has been shown in some cases that the substitution of a meal different to the one 
previously given produces a different secretory response. In order to obviate this 
error Popielski in 1920 and Carnot, Koskawski and Leibert in 1922 suggested the 
use of histamine as a gastric stimulant. In the course of our work we repeated the 
analysis on every case of achlorhydria and it was found that on repetition free hydro- 
chloric acid was found in the fasting sample of 11 cases of this group of 75. This 
clearly indicates that a single examination from the point of view of the diagnosis 
of achlorhydria cannot be relied on. Gompertz and Voorhaus in the year 1925 
showed that a subcutaneous injection of histamine is useful in differentiating true 
achlorhydria in which the secreting glands have lost the capacity of producing hydro- 
chloric acid from false achlorhydria in which the function of acid secretion was 
inhibited. In every case of achlorhydria by the fractional method where gastric 
analysis could be repeated we have tried the effect of histamine to determine 
whether the achlorhydria was false or true. 


Procedure. 

The technique used was as follows : — 

After an over-night fast the patient was asked to swallow the tube and the con- 
tents were aspirated. If the resting juice did not show the presence of free HCl 
in this second test the patient was given a subcutaneous inj ection of 0-5 c.c. of hista- 
mine acid phosphate (B.D.H.). A rise in pulse rate and a diffuse erythema were 
considered essential as showing that the substance was active. Three more speci- 
mens of juice were aspirated at an interval of 30, 45, and 60 minutes. The free and 
total acid present in them was estimated by the usual titration method. Although 
it has been mentioned that the pulse rate after the injection did not rise above 90 
in some of our anaemic cases it was 90 per minute to start with and after the injec- 
tion it rose to 120 to 130 per minute. In no case did any untoward effect such as 
headache, palpitation, or collapse manifest itself. Patients recovered readilv 
from the slight flushing which .was produced by the injection. In one case where 
a possibility of collapse was anticipated because of the extreme anaemia of the patient 
an injection of coramine was given soon after the injection of histamine Ld no 
unpleasant after effect followed. By this method oi/ of a total of 75 case<i of 

achlorhydria by the fractional method it was found^that cases of true achlor 
hydria were only 39. douior- 

Wherever possible in all the 75 cases of achlorhydria taken up for studv 
a detailed chmcal history was taken and in addition to the gastric LalyS 
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done in the manner described above, the following investigations were carried 
out : — 

(1) Cytological examination of blood, (2) urine examination, (3) sputum 
examination, (4) examination of fmces by ordinary and concentra- 
tion method, (5) Kahn reaction on blood, (6) van den Bergh’s 
reaction, (7) icterus index, and (8) in cases of suspected pellagra 
hiematoporphyrin in urine. 

Table I gives the provisional diagnosis of cases sent for investigation : — 


Table I. 


Anamiia 

69 

Sub-acute combined degeneration . . 

4 

Sprue 

1 

Leukaemia . . 

1 

Pellagra 

6 

Dyspepsia . . 

2 

Peptic ulcer 

1 

Cirrhosis of liver 

1 

Abdominal tuberculosis , , 

j 

Pulmonaiy tuberculosis 

1 

Cardiac failure 

i 

Cystitis 

1 


Table I shows that a lai'ge bulk of our cases were of people suffering from 
probably because it was in 'he diagnosis of the type of anaemia that a 
lysis was often requisitions^. As a result of clinical and pathological 
performed in the manher indicated above, although clinically only 59 
suspected to be ansemic, except for seven cases all the rest showed varying ^ 
of ansemia, i.e., a hsemoglobin percentage below 71 which we have * . jgte 
arbitrary standard. In two cases of paraplegia the investigations are me f 
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and in six cases, in spite of a careful investigation, it was not possible to arrive at 
any conclusion as regards their nature, and for this reason they were classified 
as ‘ undetermined Table II gives the classification of the ancemia cases : — 


Table II. 


True achlorliyilriii (39 case.-i). 


h’alse achlorhydiia (36 I'ases). 

Hyperchromic f 

• anaemia 31 1 

Pernicious anannia 

20 

Hyperchromic 1 

Tropical macrocytic 



aiuDinia . . 

. 10 

-AnUylostoma 

1 

anaemia 12 1 

.Ankylostoma 

2 


r 

Jtalaria 

1 

r 

JCalaria . . ■ 

2 


Sypliilis . . 

1 

1 

Syphilis 

. 1 


j Cystitis 

1 


Cystitis 

. 1 

Hypochromic 

1 Ankylostoma 

2 

Hypochromic i 

Ankylostoma 

. 4 

amsmia 15 

j Witt’s anaemia 

4 

anaemia 19 

Post-haemorrhagic 

2 

‘■‘Q 

1 Pellagra . . 

4 


Leuksemia 

. 2 


1 Sub-acute combined 



Paraplegia 

. 2 


j degeneration 

2 

1 

Undetermined 

. 5 




/ 

Alalignancy liver 

. 1 

1 

Asthma 

1 


Dyspepsia 

.. 1 

No anaemia 3 ■{ 

Dyspepsia 

1 

No anaemia 4 < 



1 



Pulmonary tuberculosis 1 

1 

Pellagra . . 

1 







Abdominal tuberculosis 1 


The cases have been divided into two main groups, those that were cases 
of true achlorhydria and those that showed false achlorhydria. To the former 
belonged 39 cases, while 36 could be placed in the latter group. Generally 
spealdng, therefore, it could be said that about half the cases which showed 
achlorhydria by the fractional method showed a true achlorhydria after histamine 
injection. 

In Table II the cases have been further subdivided according as they showed 
a hyperchromic anaemia, hypochromic anaemia, or no anaemia. Below each of 
these divisions is given a list of the supposed aetiological factor responsible for that 
type of anaemia together vvith the number of cases that came under observation 
belonging to each type. Since the presence of achlorhydria (false) was the primary 
criterion for taking up the cases for study it was not surprising that there should be 
a preponderance of hyperchromic anaemias many of which are known to be of 
J, MR g 
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nutritional origin and accompanied by a probable derangement of gastric function. 
Achlorliydria is only an indication that other secretions such as pepsin, xennin, and 
the intrinsic factor of the hsematopoietic principle described by Castle maybe absent 
from the gastric secretion. We have not made any observations on the presence 
or absence of the intrinsic factor but, regarding pepsin which was estimated by 
Fould’s method, out of five cases it was found to be absent in four cases of true 
achlorhydria, and in one in which it avas present its amount was less than normal. 
It might be mentioned in this connection that Davies (1930-31) has endeavoured to 
show that the failure of gastric function takes place gradually, the hydrochloric acid 
being the first to disappear and is followed by pepsin and finally by the intrinsic 
factor. This sequence of events does not always take place because cases have 
been described by AVilkinson and others in which intrinsic factor was found to 
be absent although hydrochloric acid was present. There is no doubt, however, 
that in true achlorhydria a larger number of cases show absence of pepsin 
and probably the intrinsic factor than in false achlorhydria. The absence of the 
intrinsic factor and the hcematopoietic principle is believed to be responsible for 
the megaloblastic reaction of the bone-marrow and a hyqierchromic type of blood 
picture. In the hyperchromic group more than half (20) belonged to the true 
Addisonian type of anaemia. For placing a case in this category we have relied, 
in addition to the hyperchromic nature of ancemia, on the clinical features and 
the presence of a true achlorhydria, i.e., complete absence of hydrochloric acid 
even after histamine stimulation. Presence of bilirubincemia as shown by the 


icterus index, an increased indirect van den Bergh reaction and signs of sub-acute 
combined degeneration of the cord have been taken as additional considerations 
in support of the diagnosis of pernicious ansemia. Hurst (1932) has_ shown that 
pernicious anaemia is almost always associated with achylia gastnca. It has 
been mentioned that if free HCl is found present in the gastric contents of a 
suspected case of Addison’s pernicious anaemia the diagnosis should be recon- 
sidered though not of necessity altered. In a series of 209 cases Willunson 
found six with free acid only three of which were probably true cases of pernmious 
anaemia. Although pernicious anremia can occur in the presence of free IIU"® 
have thought it best to include only those cases which satisfy all the clinical aw 


pathological requirements. 

The next large group of our cases of the hyperchromic type have been plucwl 
under a group of what are called tropical megalocytic anaemias — a very unsatisiac^o ) 
term. As a matter of fact all these cases would have appeared under the 
of pernicious anaemia if reliance had been placed only on a fractional 
analysis. It is only histamine injection which has served to separate them on 
genuine pernicious anaemia cases in the absence of an estimation of the m r ^ 
factor. Vaughan (1932) has given the following definition of this tj^e 
' A megalocytic hyperchromic anaemia with a normal indirect van den 
action occurring in tropical countries and not necessarily associated with 
defective gastric secretion or pregnancy ’. Except for one case in which t le 
index was 12 and therefore bilirubinsemia was probably present, the ° 
cases conformed to the definition given above. They s^ed a m g 
hyperchromic blood picture and their indirect van den Bergh and 

indices were normal. They were not associated with pregnancy i 

their gastric secretion showed achlorhydria by fractional test-mea 
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under histamine stimulation secreted liydrochloric acid. All other investigations 
were of a negative character. 

Wills (1931) who has studied this type of aujemia extensively found it more 
common in females. ^lost of the cases described by her have been poor 
llohammedan pregnant women, below thirty-five years of age, in whom the 
antemia was relieved by administration of liver or alternatively mth Marmite 
(yeast extract). It is believed that a deficiency of vitamin-B complex in 
the diet or a protein substance which serves as an extrinsic factor of the 
hajmatopoietic principle (supplied by Marmite) conduces to produce this hyperchromic 
macrocytic anajmia*. Seven out of 10 cases included in this group were males. 
Their average age was 37 years although extremes of 18 and 70 years were 
encountered. They belonged to three different religions. Hindu, Roman 
Catholic, and Mohammedan. The diversity of diet in people belonging to these 
tliree different groups is so great that it would be difficult to find out a substance 
which would be lacking in the diets of all these peoples. At any rate the subject 
requires further study. 

Cases of anlvylostomiasis were divided between the two main groups, hyper- 
chromic and hypochromic — three belonging to the former and six to the latter. 
Three of these cases showed a true achlorhydria and in them the blood picture was 
of the hypochromic type. They showed large number of ankylostoma eggs in their 
stools. Four of these cases showed an increased icterus index, two of which 
presented a hyperchromic picture. In only Wo of them a well-marked eosinophilia 
was present, namely, 9 per cent and 15 per cent. In all others the eosinophile 
content of the blood was normal. It has been our experience from a study of large 
number of cases of ankylostomiasis that absence of eosinophilia is a common feature 
in undoubted cases of ankylostomiasis. As a matter of fact in one of these cases 
which showed achylia gaslrica from the gastric contents ankylostoma worms could 
be recovered and in it the eosinophile content of the blood was only 3 per cent. 
In one of the cases of the hyperchromic type the icterus index was 20 and even 
after histamine stimulation the acidity was 8 per cent in terms of N /lO HCl. It 
is difficult to decide whether this may not have been a case which was on its way 
to a genuine Addison’s pernicious anaemia and that ankylostoma infection was just 
a concomitant feature. The only point against this supposition was a 9 per cent 
eosinophilia which was seen in the blood picture. 

In the group of hypochromic anaemia four cases belong to Witt’s anaemia 
(simple achlorhydric). It is believed that this anaemia is more common in women. 
Two of our cases were males and two females. For separating this variety from 
other hypochromic anaemias complete absence of hydrochloric acid even after 
histamine injection and a characteristic spoon-shaped deformity of the nails were 
useful points. 

This series includes five cases of pellagra clinically diagnosed as such. They 
did not show any marked anaemia. Four of them were males and one female 
All of them showed a true achlorhydria. They showed typical skin lesions and one 


,, * Since the preparation of this article for publication. Wills and Evans (1938) have su?!?e 3 ted 
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of them presented mental symptoms. The one test which was found to be useful 
in distinguishing these cases from allied conditions was the presence of hsemato- 
phyrine in tlie urine. It was present in excess in every one of our five cases. 

The rest of the cases which showed a true achlorhydria were of such varied 
aetiology that they included syphilis, malaria, cystitis, etc., and they do not call for 
any remarks except to note that the condition was probably accidental. 

Summary and conclusions. 

The study of a series of cases of achlorhydria in Bombay has shown that 

1 . A single fractional test is not infallible from the point of view of the diag- 

nosis of achlorhydria. On repetition free HCl was found in 11 cases 
out of a group of 75. 

2. About half the number of cases which showed achlorhydria by the 

fractional test method secreted hydrochloric acid after histamine 
stimulation. 

3. Where single analysis only is possible, a gastric analysis after histamine 

injection is advisable as this will serve to differentiate true from false 
achlorhydria. 

4. The use oF histamine is not attended with any risks even in severely 

anaemic cases. 

5. Where true achlorhydria is found a large proportion of cases are likely 

to be cases of pernicious anaemia. Majority of other cases in this senes 
were either Witt’s anaemia, ankylostomiasis, or pellagra. 
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I'Uv. tliiuivj i»v l.ont, ol H.W.C. bv. tnni.y milUcn« ictX ^Icoa ooll» por o.mm 



Pbotocoi^ III. 

Aiiaiinia aiilcyloslomiasis. 9 cases. 

(Stool examination showed plenty of eggs of ankylostoma.) 
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Tropical macrocytic anccmia. 10 cases. 
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Sub-acute combined degeneration and pernicious anccmia. 22 cases. 
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It was first observed by Danysz (1902) that a given quantity of ricin can com- 
bine with more antiricin when the toxin is added in two or more instalments with 
an interval of time between the successive additions, than when it is added in one 
instalment. This phenomenon has been further investigated by Danysz using diph- 
theria toxin and antitoxin, by Sachs (1904) using staphylolysin and antilysin and by 
Madsen and Arrhenius (1907) using tetanolysin and antilysin. Madsen and 
Arrhenius observed that the Danysz effect diminished with lapse of time and finally 
disappeared after six hours in the tetanolysin-antilysin mixture used by them. 
Recently, the Danysz effect in staphylococcus toxin-antitoxin mixtures has been 
investigated by us (Ghosh and Ray, 1937a) and also by Llewellyn Smith and 
Price (1938). "VVe have found that the toxicity persists even twenty-four hours 
after the addition of the last fraction of the toxin and does not diminish 
appreciably. Several theories have been advanced to account for this 
phenomenon and these have been discussed in detail by Llewellyn Smith 
and Price [loc. dl.) and also by Ghosh and Ray (1937a). Schmidt (1928) records 
that using diphtheria toxin and antitoxin he could observe the Danysz 
phenomenon even in the flocculation reaction. Glenny (1931), however, points out 
that the occurrence of this phenomenon in the flocculation reaction is not 
to be expected from theoretical considerations. The present work was undertaken 

( 731 ) 
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witli a view to ascertain (i) the conditions under which the Danysz pheuomeiiQa 
occurs in the flocculation of diphtheria toxin-antitoxin mixtures, (ii) the eSect 
of prolonging the period of incubation of the toxin-antitoxin mixtures, after the 
addition of the last fraction of toxin, on the persistence of this phenomenon, and 
(in) the efiect of pH on its occurrence. The results so far obtained are recorded in 
this paper. 

Experimental. 

T/ie Danysz effect in jlocculation reaction. — Several samples of diphtheria toxin 
and antitoxin were selected for this purpose. In each set of experiments, three 
series of tubes were set up. In series I varying quantities of antitoxin were 
placed in the tubes and a fixed quantity of toxin was added in one instalment. 
In series II varying quantities of antitoxin rvere placed in the tubes as in 
series I, but the toxin was added in two instalments with a suitable inteml 
of time. In series III a fixed quantity of toxin was placed in each of the tubes 
and varying quantities of antitoxin were added to each tube in two instalments 
with a suitable interval of time between the two additions. Each set of 
experiments was carried out in duplicate. After the addition of the toxin 
to the antitoxin or vice versa has been completed, the mixtures were kept 
at room temperature for about half an hour and then placed in a water- 
bath at 50“C. In the following tables Kf denotes the time required to produce just 
visible flocculation after the tubes have been placed in the hot water-bath. It 
will be noticed from the data recorded in Tables I to V that in any particular set 
of experiments the same mixture of toxin and antitoxin always flocculates first, 
independent of the mode of addition of the toxin to the antitoxin or vice versa. 
Thus, in Table I the mixture coutaining 1 c.c. of toxin and 0'7 c.c. of anti- 
toxin always flocculates first. The value of Kf and the range of the mixtures m 
which flocculation occurs appear, however, to depend on the mode of addition o 
one substance to the other. The value of is considerably increased when e 
antitoxin is added in two instalments to the toxin, while if the toxin m ade 
to the antitoxin in two instalments the range of the mixtures m which llocc 
tion occurs is markedly increased. In Tables I to III the interval oi 
between the two successive additions of toxin when the toxin is added fraction / 
is 15 minutes, while the corresponding interval of time in Tables IV 
30 minutes. In none of these experiments, however, could' the Danysz e e 
detected. 

Effect of variation of the incubation period, on the Danysz effect. It 
an analysis of the various mechanisms which have been suggested to 
the Dauysz effect, that if the toxin-antitoxin reaction is reversible, then tne^^ 
effect should diminish and finally disappear as the interval of time (referre ^ 
as incubation period) between the ’addition of the last fraction of toxin Qui; 

jection of the mixture to the animal is prolonged. _ Experiments were jo 

to test this point. A sample of diphtheria antitoxin of known titre was ^ 
as to contain one unit per c.c. Similarly, a sample of toxin was ^ wgiol- 
that 1 c.c. of the dilute toxin mixed with 1 c.c. of the antitoxin and i c- • 
ogical saline and the whole mixture injected after an incubation or / 
into guinea-pigs weighing 250 g. ±5, failed to kill the ammals witmn 
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Table I. 
Toxin No. RI 3 . 
Antitoxin No. 414. 


Tube No. : — 

1 

2 

3 I 

4 

6 

1 ^ 

1 i 

1 8 

1 

Series I. 

Volume of antitoxin 
in c.c. 

0-2 

1 

0-3 

0-4 

0-5 

0'6 

1 

0-7 

0-8 

0-9 

1 

Volume of toxin in c.c. | 

1 

1 

1 

1 i 

1 

1 

1 

1 

1 

Kj in minutes 

- 

- 

- i 

- 

105 

45 

135 

— 


Series II. 


Volume of antitoxin 
in c.c. 

1 

0-2 

0-3 

0-4 

0-5 ! 

i 

1 0-6 

1 

i 1 

0-7 1 

1 

i 

0-8 

0'9 

Volume of toxin in c.c. i 
added at 15 minutes’ 1 

0*5 I 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 

interval. 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 

K£ in minutes 

- 

- 

180 

120 

90 

40 

95 

1 

105 


Series III. 


Volume of toxin in c.c. 

1 

1 

1 1 

1 1 

j 

1 

1 

1 j 

1 

1 

! I 

Volume of antitoxin in 
c.c. added at 15 

0-1 

0-15 

0-2 

0-25 

0-3 

0-36 

0-4 

1 

j 0*46 

minutes’ interval. 

0-1 

0-15 ' 

0-2 

j 0-25 

0-3 

0-35 1 

1 

0-4 j 

0-45 

1 

Kj in minutes . . 1 


! 

- 1 


135 

90 

155 

1 

— 


The sign ‘ — ’ represents absence of flocculation. 
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Table II. 
Toxin No. 55 B. 
Antitoxin No. 371. 


Tube No. : — 

1 1 

1 

2 

3 

4 

i 

‘ 5 

( J 

I c 

1 

D 

' s 




Series 

I. 





Volume of antitoxin 
in c.c. 

0.3 

0-4 

0-5 

1 

. 0-6 

0-7 

I 0-8 

i 

1 

0‘9 

■ 1-0 

Volume of toxin in c.c. | 

1 

1 

1 j 

‘ I 

1 ; 

1 

f 

1 1- 

f 

! 1 

! 

1 

Kj in minutes 

— 

— 

ISO 

1 

1 no 

' IdO 

240 ! 

1 

- 

1 


Series II. 


Volume of antitoxin ( 
in c.c. 

0-3 1 

1 

1 

1 

0-4 

i 

i 

0-5 

0-6 

0-7 

1 

1 0-8 

! 

1-0 

Volume of toxin in c.c. 
added at 15 minutes’ j 

i O-o 

[ 

0-5 

[ 1 

0-5 





interval, ^ 

] 

0-5 

0-5 


0*5 




Kf in minutes 
^ 1 

1 

130 

H 

[ so 

95 

135 

! 1 

1 165 

' 200 


Series III, 


Volume of toxin in c.c. 

■ 

1 i 

1 

1 

1 

■ 

■ 

1 

Volume of antitoxin 


0-2 i 

0-25 




0-45 

Ov 

in c.c. added at 15 

minutes’ interval. | 

1 

j 0-15 


0-25 

1 

0-3 

0-35 j 

1 

1 


0-45 

Ov 

i 

K£ in minutes 

— 

— 

' 210 

' .1 

120 

! 190 j 

Lj 

^ 1 



. The sign ‘ — ’ represents absence of flocculation. 
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Table III. 
Toxin No. 52 B. 
Antitoxin No. 306. 


Tube No. ^ 
1 
) 

1 

2 1 

3 

4 

5 

0 

7 j 

8 

' 9 

Series I. 

Volume of antitoxin \ 
ia c.c. 1 

, 0.1 

[ 1 

0-3 1 

1 

0*4 

0-5 1 

I 1 

0*6 j 

1 

1 

1 

: 0-8 

O'O 

' 1-0 

Volume of toxin in, c.c. 

1 

1 

. 

1 

1 1 

1 

B 

B 

B 

1 

t 

i ^ 

K£ in minutes 

- 

t - 

180 

45 

90 

1 240 


! 

_ 1 

~ 


Series II. 


Volume of antitoxin 
in c.c. 

0-2 

0*3 

. 

0-4 

0*5 

1 

. 1 

0'6 

0-7 

j 0-8 

1 1 

O-O 

1-0 

Volume of toxin in r.c. 
added at 15 minutes’ 

0-5 ' 

O-o 1 

1 

0-5 ' 

1 

0-5 

0-5 

0-5 

1 

i 0-5 

i 1 

0-5 

1 0-5 

interval. 

0-5 j 

0-5 

0-5 

0*5 

0-5 

0-5 

i 

1 

0-5 

i 0-5 

in minutes 

180 1 

i 

150 

i 

110 

1 

40 

1 

60 ; 

90 

1 125 1 

^ I 

188 

i - 


Series III. 


Volume of toxin in c.c. 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 


1 

Volume of antitoxin 
in c.c. added at 

0*1 

1 

0T5 

0-3 

0-25 

0-3 

0-36 

^ 0-4 

1 0-45 

1 

0-5 

15 minutes’ interval. 

1-1 

0T5 

0-3 

0-25 

0-3 

0-35 

0-4 

0-45 

1 0*5 

1 

1C£ in minutes 

' 

- 

260 ! 

1 

60 

1 

180 

1 


1 

[ - 

1 



The sign * — ’ represents absence of flocculation. 
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Table IV. 
Toxin No. 31 B. 
Antitoxin No. 413. 


Tube No. : — | 

1 

m 

2 j 

! 3 

4 j 

^ ! 

1 

6 

7 

8 

Series 1. 

Volume of antito.xin 

j O-G 

0-7 

0-8 

0-9 

1-0 

mm 

1-2, : 

1-3 

in c.c. 

1 : 
( 


1 

j 



n 



1 

Volume of to.vin in c.c. , 

9 

^ 1 

1 

9 

2 

! 2 

1 

J 2 i 
1 

1 2 

1 

1 

1 2 

i 

2 

in minutes 

_ 


1 

i 

110 

; 72 

120 

— 

- 


Series IL 


Volume of antitoxin 
in c.c. 

0-G i 

0-7 

i 0-8 

1 

1 

I 

0-9 

I'O 

1-1 1 

1 

! 

1-3 

Volume of toxin in c.c. 

1-0 

' 1-0 

^ 1-0 

I'O 

I'O 

! I'O 

i I'O i 


added at 30 minutes’ 
interval. 

.oi 

I 

1-0 

1-0 

1-0 

1-0 

I'O 

! 1-0 ! 

t 1 

j I'O 

“ — — — j 

K£ in minutes 

j 

145 

! 

90 1 

48 

30 

60 

115 

i 

1 ^ 


Series 111. 


Volume of toxin in c.c. 


2 


I 2 

j : 

2 

2 

■ 

2 

Volume of antitoxin 

0'3 

0-35 

0-4 

0-45 

0'5 

0-55 

O'G 

O'Oj 

in c.c. added at 30 
minutes’ interval. 

0-3 j 

0-35 

! 

0-4 

0-45 

0-5 

0-55 j 

O'O 

0'G5 

in minutes 

— 

i 

_ 1 

i 

! 175 

I 

110 

1 

190 

1 

j 

i 



The sign ‘ — ’ represents absence of flocculation. 
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Concentrated toxin 1 c.c. contains 30 Lf units. [Freed from (Ntl 4 )oSO 

by dialysis.] 

Coircentrated antitoxin diluted 30 times with normal saline. The diluted 

serum was used. 





3 

4 

5 

1 

6 

i 

■ 

8 

1 

Series I. 

Volume of antitoxin 
in c.c. 

1 

0-4 

0'6 

1 

0-8 

0-0 

1-0 

1 

1*1 

1-2 

1 1-4 

Volume of toxin in c.o. 

2 

1 0 1 
1 “ I 

2 j 

1 2 

I 1 

9 1 

1 

2 

1 

2 

2 

Kj. in minutes 

■ 

■ 

■ 


100 

220 

1 

' 

— 


Series II. 


Volume of antitoxin 
in c.c. 1 

0-4 

0-6 

I 

1 0-8 

i 

0-9 

i 

! 1-0 

1 

1 

IT 

1-2 

1-4 

i 

Volume of toxin in c.c. 
added at 30 minutes’ 

1-0 

I'O 

1 

10 

1-0 

1-0 

1-0 

1-0 

1-0 

interval. 

! 

1-0 

! 1 

1-0 

1-0 

1 

1-0 

1 

1-0 

1 

1-0 

1-0 

1-0 

K£ in minutes 

- 

180 

120 

90 

60 

120 

- 

- 


Series III. 


Volume of toxin in c.c. 

i ^ 

2 ! 

! i 

2 

2 

‘ ^ - 

1 ^ 

2 

1 

2 

Volume of antitoxin 
in 0 . 0 . added at 30 

0-2 

0-3 

0-4 

0-45 

0‘S 

! 0-55 

0-6 

0-7 

minutes’ interval. 

0-2 

0-3 

0-4 

0-45 

0-6 

0-55 

0-6 

0-7 

Kj in minutes 

- 

- 

1 

— 

300 

180 


1 

- 


The sign ‘ — ’ represents absence of flooeulation. 











A series of tubes h ■ • Mixtures. 

^er^aSTn twolu^tXnt^T^"*^ P^ological 

2aor?rVe “„,f, «- 

t 3 SS! 5! 


Table VI. 


Number 
of tubes 
set up. 


Volume of I Volume of | 
antitoxin normal 
taken in ) saline 
c.e. I taken in 

c.c. 


Amount of 
TOXIX ADDED 
c.c. 


1st 

instal- 

ment. 


2nfl 

instal- 

ment. 


Period of 
incubation. 


Number 

of 

animals 

used. 


Rejueks. 


4 ' 


0 30 

1 2 

1 I 

I 8 
■* I 24 , 


minutes 


hours 


^ I None died within 114 
hours. 


^ I All died nithin 48 
hours. 


•i I All died within 48 
hours. 


All except one died 
within 48 hours. 


All died uithin 48 
hours. 


I ” “ W? influenced by th A^/ “ “■»> Kv (1^376) that the 

occuirenoe known whether the^pH^A!,™ ““centration of the solatioii. 

were nn?W i ® Pbenomenon “"‘i'™ kas any effect oathe 

rTo^Ll- pH of the Wn Jf ‘™ ‘kis point some experiments 

the dp 5 ‘ ^TT ^key were then diluted . ^o^^^oxin solutions was adjusted at the 
anSW “ ‘kat 1 o.e of fc dir ? Pkr™Jogical saline also adjusted at 

2 A? ‘k® ivhole mixtee after ““d ™th 2 c.c. of the dilute 

Pg . proper weight (250 g + 5) fq,-] iocubati on injected into guinea- 

ir Uupf'of four W i20"j.ours. 

were added to each of them The ro T ^ ^iJute antito.vin 

experiments in which the toxin w^f od f i*- ^’ecorded in Table VII. In those 

toxin was added m two portions, an interval of 15 minutes 
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was allowed between tlie two additions. Three c.c. of the toxin-azititoxin mixtures 
were injected into guinea-pigs 45 minutes after addition of the last portion of toxin. 
The DanysJ; phenomenon was quite marked between pH 4-2 and pH 9-6. 


Table VII. 


pH of tbo 
solution. 


j Voiumo of 
1 antito.Kin 

I taken in c.c. 

> 


VoLUJIE OF TOXrN ADDED 
IX C.C. 


lat 

instalment. 


2nd 

instalment. 


.1-2 


0-0 


8-0 


0-6 


i' 

I 

f 

I 



i 

' Number of 

1 animals 

1 injected. 

Remarks. 

: 4 

! 

None died within 144 
hours. 

1 

! ^ 

1 

All died between 48 and 
96 hours. 

•1 

1 None died within 144 
horns. 

i 

All died within 90 hours. 

4 

None died within 120 


hours. 

4 

All died within 96 hours. 

1 4 

None died within 120 

1 

hours. 

4 

All except one died within 
48 hours. 


Conclusion. 

1. The alleged occurrence of the Danysz phenomenon in the flocculation 
reaction lias been investigated using several samples of diphtheria toxin and 
antitoxin. In one set of experiments the interval of time between the addition 
of the first and second fraction of toxin was 15 minutes, in another set of 
experiments the time interval was 30 minutes. In none of these experiments 
could the occurrence of the Danysz effect be detected. 

2. The Danysz effect in diphtheria toxin-antitoxin mixture determined by 
tests on animals was strongly noticeable even 24 hours after the addition of the last 
fraction of toxin. 

3. The Danysz effect in diphtheria toxin-antitoxin mixture is quite marked 
within the pH range 4-2 to 9*6. 
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PHYSICO-CHEMICAL CHANGES IN A THERAPEUTIC 
SERUai DUE TO CONCENTRATION AND THEIR 
EFFECT ON ITS ABSORPTION. 
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[Received for publication, August 30, 1038.] 


The adoption of International standards for several therapeutic sera by the 
League of Nations’ Health Organization and improvements in the technique of 
standardization, have naturally led to their recognition as suitable therapeutic 
substances with accurately measurable ' dosage. It is now customary to state 
the content of therapeutic substances in a supply of serum in terms of Inter- 
national units per unit or total vohmie which is supposed to indicate its relative 
therapeutic efficacy. 

The same procedure is applied both in cases of natural and concentrated sera. 
It is apparently assumed that there is no difference in value between a natural and 
a concentrated serum, excepting that the latter contains the requisite therapeutic 
substances in a smaller volume of serum and is free from those undesirable proteins 
which produce unwanted complications. Thus, a concentrated serum seems to 
possess distinct advantages over a natural one. Is this impression justified I 

In the process of concentration the natural serum is treated with modem te 
severity. It is true that the treatment does not affect the property of the so-called 
pseudo-globulin fraction (that part of it which is not removed by the method of 
concentration employed) of an antiserum of combining specifically with the corres- 
ponding antigen. But do the changes in the physico-chemical properties result- 
ing from concentration, produce no change at all in the therapeutic efficacy of a 
serum 1 ' 

The efficacy of a drug, which acts when absorbed in the general circulation, 
may be affected by changes in its absorbability. This is especially true in 
the case^ of therapeutic sera which are employed for a rapid control of a disease 
and which are more frequently administered through routes other than intra- 
venous. Do the various physico-chemical changes in a serum effected by 
processes of concentration then affect its absorption to any extent ? 

MR . ( T-Il ) 
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Physico-Chemical Changes in Theraj>eutic Serum. 


The present work is intended to show the effect of concentration of a 
diphtheria antitoxic serum on its absorbability, assuming that the conclusions 
derived from the results obtained in this case would be applicable to all cases 
of therapeutic sera and antitoxic sera in particular. 

Physico-chkmical determinations. 

Only some of the physico-chemical conditions considered to be importaiii 
from the standpoint of their effect on absorption of sera were determined. 

Several natural and concentrated sera were chosen at random. Of these, 
three samples of concentrated sera were obtained from the market. Each sample 
was divided into two portions. One was used for the determination of viscosity, 
etc., and the other stored at 0°C. to 2°C. for absorption experiments. 

Relative viscosity was determined with Ostwald viscosim’eter, surface tension 
with Traube stalagmometer and protein concentrations with Zeiss dipping refracto- 
meter (Siebenmann, 1937). Results are shown in Table I. 

Thus, all the concentrated sera tested, with the e.xception of ‘ Foreign B are 
found to be highly viscous and their protein concentrations increased, in compari- 
son with the natural sera tested. Viscosity and protein concentration of ‘ Foreign 
B ’, though much lesser than those of other concentrated sera, are also higher in 
comparison to the natural sera. Differences in surface tension are relatively 
insignificant and so also are differences in pH. 


Relative rates or absorption of natural and concentrated sera. 

Methods. 


,c- 


Determination of the antibody litre of sera used for absorption tesfo-— The parti 
ular lot of diphtheria toxin used for titration of all sera by the flocculation metho , 
as done in these experiments, was more than one year old, preserved with 0 a 
cent phenol and had an dose of 1/12 c.c. when titrated with standard antito.viu 

The serum to be tested is first diluted according to its expected antibody j, 
instance, in cases of natural sera 1 20 or 1 30 and in cases of concentrated sera 1 1 ° 
1,200, using a tuberculin syringe for the measurements of volume. In a series o o 
third inch test-tubes of uniform bore, 0'6 c.c., 0'65 c.c., 0‘7 c.c., 0'75 c.c., 0 c- -j 
0‘85 C.C., 0‘9 C.O., 0-95 c.c., and I'O c.c. of the diluted serum are accurately nieasiire^^^^ 
with a tuberculin syringe. The volume in each tube is made up to TO c.c. witn s 
using the same syringe washed several times with saline. One c.c. 'of the o. 
put in each tube, also measured with tuberculin syringe. The contents m pj 
are mixed up with a Pasteur pipette, beginning from tubes containing 
of serum and gradually proceeding to those containing higher strength, 
are put in a rack in a water-bath with glass walls and mechanism for oblique i 
tion so that flocculation can be observed while the tubes are -laiiwtlie 

eliminating any possible error due to fluctuations of temperature while 
tubes out of the bath to take readings. The level of water in the oiie- 

that about two-thirds of the mixture in each tube remain inside water- e .jo„ 

third outside it, to allow of the continuous agitation of the mixtures wi 



Table 1. 

Relative phi/sico-che^nical states- of natural wnd coneenlrated sera. 
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current. The temperature of tlic bath is adjusted at 50°C. xV fairly accurate result 
is obtained with this technique. As, for instance, to take a concrete case, 0'8 c.c. 
of 1 20 dilution of a natural serum showed earliest flocculation with 1 c.c. of to.xin 
(L^ 1 12 C.C.). xVccording to calculations, the antibody titre was 300 xV. U. perc.c. 
Had the earliest floccrdation occurred with 0-75 c.c. or 0-85 c.c. of the serum dilution, 
the titre would have been 320 xV. U. or 282 A. IT., respectively. So the range of 
possible error {± 20 xV. U. in this case) is very narrow. In cases of titration of con- 
ceuti'ated sera, the range appears to be little wider. To take a couciete case for 
instance, 0'75 c.c. of a 1 200 dilution of a concentrated serum .showed earliest floccu- 
lation with 1 c.c. of toxin (Lf 1 12 c.c.). Hence the calculated antibody titre was 
3,200 A. U. per c.c. In case of earliest flocculation with 0‘7 c.c. or 0'8 c.c. the titre 
would have been 3,428 A. U. or 3,000 xV. U., respectively. So the range of possible 
error was n: 200 xV. U. But when compared with the high titre of these sera, tlie 
error is found to be of the same magnitude as that in cases of titration of natural 
sera. 


Routes of injection . — Three routes, subcutaneous, intramuscular, and ni- 
travenous, are selected for the injection of diphtheria antitoxic sera. Sera 
injected by the subcutaneous and intramuscular routes only require to be absorbed. 
"Whereas, the intravenous route is meant for introducing the sera directly in the 
circulation and in these experiments serves as a control measure of the degree 
of dilution of antibodies by the total volume of blood of a rabbit. 


Collection of samples of blood . — Rabbits are bled from the heart with a 10-c.c. 
Record syringe having a wide-bored needle. The amount to be drawn depends on 
the range of titre expected. But when it is decided, the same amount is drawn from 
all the rabbits in a test, as an attempt to equalize in all the rabbits the efiect 
bleeding on the further rate of absorption of sera. Rabbits stand these bleedings 
quite well, as was seen fronr the survival of all the rabbits used for the ' 

market sera, if the operation is done carefully. The samples are stored at 0 0- ^ 
2°0. after separating the clot from the wall of the test-tubes. 


Titration of serum from the samples , — The serum collected from each samp e 
is centrifuged to free it from red blood corpuscles. Different volumes are then mea^ 
sured in tubes already described, according to the range of titre expected, yinom 
of toxin used for these experiments is 0’5 c.c. excepting in cases where a titre o 

A. U. perc.c. is intended to be detected, where 0‘25 c.c. of toxin (Lf 1,12 c.c.)_- 

mixed with 1 c.c. of rabbits’ serum. The usual gradation of the volumes of a senm 
and the titre of antitoxin each one is intended to determine is as follows . 


Undiluted serum TO c.c. 0‘25 c.c. toxin = 3 A. U. 0'5 c.c. of ^ ^ 

for the rest of the series, where flocculation with I'O c.c. = 6 A. U. ; with 0 
= 9 A. U. ; wdth 0-5 c.c. = 12 A. U. ; and wdth OA c.c. = 15 A, U. 

Serum diluted 1:2-- 0-7 c.c. - 17 A. U. ; 0-6 c.c. = 20 A. U. ; 0-48 c.c. = 
A. U. ; 0-4 c.c. = 30 A. U. 

Serum diluted 1:4- 0-68 c.c. = 35 A. U. ; 0-6 c.c. = 40 A U ; 0-53 c.c. == ‘ 
A. U. ; 0-48 c.c. = 60 A. U. ; 0-44 c.c. = 55 A. U. ; 0-4 c.c. = 60 A. U. 

Serum diluted 1:8- 0-74 c.c. = 65 A. U. ; 0-68 c.c. = 70 A. U. 
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Thus, it is seen that up to 20 A. U. a difference in titre of 3 A. U. and in the rest 
of the series a difference of 5 A. U. only is detected. This appears to be a determina- 
tion of only gross differences in titre between any two samples. But considering 
the nature of various sorts of errors liable to creep in these sorts of experiments with 
different animals, a difference in titre less than that is actually determined, would 
appear to be of no significance. It is to be noted also that a titre recorded as 
12 A. U., for instance, might be anything between 9 A. U. and 15 A. U. and that 
recorded as 30 A. U., for instance, might be anything between 25 A. U. and 35 A. U. 
The consideration of these possibilities render the accurate interpretation of the 
results difficult. 

All these volumes are measured accurately with a tuberculin syringe. The 
volume in each tube is then made up to 10 c.c. with saline, using the same syringe. 
The toxin is added, mixed with Pasteur pipette and the tubes are then put in the 
bath described before. The total volume of mixture in each tube is Iffi c.c. except- 
ing rvhere 0-25 c.c. of toxin is added, when the volume is 1'25 c.c. These 
differences in volume do not cause any fallacious reading. 


Experimental. 

1. Relative rates of absorption of natural and cowenlrated sera by different 
routes. — ^Two natural and two concentrated sera were selected at random and their 
physico-chemical conditions determined (Table I). Each sample was injected sub- 
cutaneously, intramuscularly, and intravenously in three different rabbits. The 
dose for subcutaneous and intramuscular injections was 6,000 A. U. per kg. body- 
weight. The dose for intravenous injection was 2,000 A. U. per kg. body-weight. 
The time of injecting each rabbit was noted. Seven c.c. of blood were drawn from 
each rabbit 3 hours and 24 hours after the injection. The samples were stored at 
0°C. to 2°C. after separating the clot. The amount of serum available from each 
sample was from 3 c.c. to 3‘5 c.c. Samples of any particular period were titrated 
all at one time, so as to ensure uniform storage period for all the samples to be com- 
pared. The range of dilutions made from each sample varied according to the 
route of injection, the time of collection of samples and the amount of serum 
available for making those dilutions. But for samples collected at the same time 
interval from rabbits injected by the same route irrespective of the nature of 
serum injected the same range of dilutions was made, for a fair comparison of 
the antibody titre in each sample. In one or two cases the earliest flocculation 
took place at one end of the range instead of in the middle. These happened 
in mixtures intended to read an antjbody titre of 3 A. U. or 6 A. TJ. But from 
the rapidity of flocculation and failure of flocculation in the adjacent mixture 
for a fairly long time, it was taken that those were in all probability the optimal 
proportion mixtures. 

The results of the experiment are shown in Table II. 

The results signify that the highest titre of the circulating antibodies is obtained 
almost immediately after intravenous injection of a serum and it falls moderately 
by the 24th hour ; whereas after subcutaneous or intramuscular injection the 
titre goes on increasing during the 24 hours of study. 
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Table II, 


RekUive rates of absorption of natural and concentrated sera by 

different routes. 


Serum lot. 

Units 
per c.c. 

Weight 

of 

rabbit, 

g- 

Volume 

injected, 

c.c. 

j 

Route. 

Rates of absorption ; m units 
PER c.c. OF rabbits’ SERUM. 

3 hours. 

7 hours. 

24 hours. 

‘ Natural 1 ’ 

300 

930 

18-6 

Subcutaneous 

3 

6 

15 

‘ Natural 2 ' 

300 

1,520 

30-4 

«• 

3 

9 

17 

‘ Concentrated 1 ’ 

1,600 

980 

3-7 

.. 

<3 

3 

6 

‘ Concentrated 2 ’ 

1,400 

1,550 

6*(i 


<3 

3 

9 

" Natural I ’ 

300 

950 

19 

Intramuscular 

12 

30 

60 

‘ Natural 2 ’ 

300 

1,.540 

30-8 

•> 

12 

25 

60 

‘ Concentrated I ’ 

1,600 

985 

3*7 

•• 

6 

12 

30 

‘ Concentrated 2 ’ 

1.400 

1,590 

6-8 


6 

1 

35 

‘ Natural 1 ’ 

300 

955 

6-4 

Intravenous 

30 

30 

.20 

‘ Natural 2 ’ 

300 

905 

0-4 

99 

30 

30 

20 

‘ Concentrated 1 ’ 

1,600 

990 

1-2 

99 

30 

30 

20 

‘ Concentrated 2 ’ 

1,400 

980 

1-4 

9 * 

30 

30 

20 


But the fact most important from the present point of view which is 
by the results of the experiment, is that whereas after intravenous injection oi ei 
a natural or a concentrated serum the antibody titre at any given time is the sa 
in both cases, after subcutaneous or intramuscular injection of a natural s 
the antibody titre at any given time is much higher than that attained 
tion of a concentrated serum by the same route, though same amounts o 
bodies per kg. body-weight is injected in both cases. 

If it is assumed that antibodies are homogeneously distributed in a serum a 
amount of antibody absorbed is proportional to the amount of serum absor e 

Volume of serum absorbed per c.e. rabbit serum Total volume serum injeded voluui® 

Antibody titre per e.c. rabbit serum Total amount antibody injected 

„ 1 1 . 1 Antibody titre per c.c - rabbit serum 

of serum absorbed per c.c. rabbit serum = Aiitibddy titre pel-Tic. serum injected 

Taking a concrete case, for instance, to compare the absorbabihty o 
‘ Natural 1 ’ with that of serum ‘ Concentrated 1 ’ by the intramusc 
in three hours, we get 22 

rabbits’ serum = 360 
6 


Volume of ‘ Natural 1 ’ absorbed per c.c. 


c.c< 


= 1600 


c.c. 


Whereas 


‘ Concentrated 1 ’ 
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Hence, the ratio of total volumes absorbed = lO'T (approximate), assuming 
that the effects of dilution of antibodies by the total volume blood of the respective 
rabbits are identical. 

Therefore ‘ Natural 1 ’ serum was absorbed 10‘7 times more than 
‘ Concentrated 1 ’ serum. But at the same time a great difference between the 
volume of the two sera injected was noted. Hence to assess properly the degree of 
effect of concentration on slowing the rate of absorption, it was necessary to find 
out the extent to which volume injected determined the amount absorbed in a 
given time. 

2. Relation of the volume of serum injected to the amount of antibody absorbed . — 
Two samples of natural sera with different antibody titres were selected. Both of 
them were injected intramuscularly in a dose of 6,000 A. U. per kg. body- weight 
into two rabbits for each sample. Five c.c. of blood were -withdrawn from each 
rabbit at the ends of the 6th and the 24rth hours of injection and titrated as 
before. 

The results are shown in Table HI : — 

Table III. 


Relation of the volume of an antiserum injected with the amount absorbed 

in a given thne. 










748 


Physico-Chemical Changes in Therapeutic 6'er 


um. 


is faSrproVoSal “'T''/''' ““7“* 

that these arithmetical calculations ire emphasized 

of relationship between' the volumr iijetLl 


and ^ cSSx^ted ^ absorption of - Natural 1 ’ 

volume of ‘ Natural 1 ’ tn f experiment, the ratio of the 

volume 01 iNatural 1 to that of Concentrated 1 ’ injected = 5-1 mereas 

the ratio of their respective amounts absorbed = 10-7. Hence the diminished 
rate of absorption of * Concentrated 1 ’ i p ii ' i ■ i i ti 

f S„„"'ofl:±T“8 ^ ™ 

for its tliminished absoAabil/™°““ ““"“''‘■'“t’O”. “«is‘ li»ve been respousiWe 

considemtioifVm'^ thiq ^‘'■•^•^its blocxl diluting a serum absorbed also deserves 
Znirt oiiTtn ^1 f that the volume of blood is 

the relative nntilfn 1 J'f 5|nimal, the effect of this dilution, on 
eauali/erl hv enl 1 ^>lood in different animals should be 

tT basis bn^- m ‘-antibodies to be injected in animal on 

absorbed in n i ^ p i comparatively lower amount of antibody 

de'L of lu?LZ“ ] is compensated by a lower 

welwht Tlnf eb ^ ^ lower volume of blood proportional to its lower body- 
antfbodv tif-re in assumptions hold good in practice is shown by the equal 
iiatunl^md n samples from different rabbits injected intravenously with 

\TOighti ^ """^‘^c^i^trated sera, Avhose dosages were proportional to their body- 

«/ concentrated sera in the inaiU- 

in n ff^icstion arises whether ail these physico-chemical changes occur- 
in^ m a seium due to its concentration and their effect on its absorption, is 
y ecu lar on y o ose prepared in a particular laboratory with particular 
methods, or they are general. The best answer to this question could possibly 
be given by testing several sera of different manufacture, both local and 
foreign, obtained from the market where only those sera, considered to be 
possessing the best possible therapeutic efficacy in respect of their drug content, 
are expected to be found. j sr 


Three samples one local and two foreign — were bought from the market. -A 
portion of each sample was used for physico-chemical determinations, while the 
other was used for testing its absorbability. The results of physico-chemical 
determinations are shown in Table I, 

For the determination of their relative rates of absorption a natural serum was 
also included in the tests with those three samples. Eight rabbits— -tn^o for each 
sample — were selected. The dose selected was 4,200 A. U. per kg- of body- 
weight ; injections were given intramuscularly. Samples of blood were drawn 
at the ends of the 5th, 8th, 26th, 50th, 100th, and 150th hours. Seven c.c. o 
blood were drawn for the first and the last samples, and 5 c.c. for the rest of tiic 
samples. 
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The results are shown in Table IV -* — 

Table IV. 

Relative rates of absorption and elimination of several concentrated sera in the market 
and a natural serum, injected inlramuscularltj. 


Rate os AUbOKmoit akd eliminatioi; in units 

Weigllt i PJ;B C.C. OF KABMT SEBUJI. 


Serum lot. 

unus 
per C.C. 

rabbit, 

8* 

' injected, 

C.C. 

5 hours. 

8 hours. 

20 hours. 

50 hours. ! 

j 100 hours. ! 

150 hours. 


i,roo 

1,410 

4-3 

6 

12 

35 

35 j 

1 ; 

20 

6 

‘ Local B ’ . . 1 

i 1,400 

1,460 

4-4 ! 

6 

15 

35 

30 i 

12 

3 

1 

' .3,200 

' 1,425 

1-0 

3 

9 

20 

35 

25 1 

17 

‘ Foreign P ’ . . -j 










i 

1 3,200 

{ 1,4S0 

l'i>5 

6 

1 12 

35 

30 

20 

6 


r 2.050 

’ 1,395 

.11. ■> 1 

9 

17 


40 

20 

6 

‘ Foreign B ' . . ■> 

[ 2,050 

1,440 

2-3 

6 

15 

30 

40 

30 

12 


[ 440 

1 IdSO 

14-1 1 

9 

17 

50 

40 

20 

6 

‘ Xatural 3 ’ . . ■ 



I 

1 




1 



( 440 

1 1,.510 

1 

14-4 

12 j 

20 

50 

1 

50 

2o 1 

1 

9 


Hence, ‘ Local B ’ and ‘ Foreign P both of which have very high viscosities, 
are absorbed to a much lesser extent than the other two. The antibody titres in 
sera of rabbits injected with these two ate very low from the beginning and only 
approach to equality with the others when the rate of elimination far exceeds 
the rate of absorption. 

The rate of absorption of ‘ Foreign B ’ also appears to be slightly less than 
that of ‘ Hatnral 3 ’, which corresponds to only a slight difierence in viscosities 
between those two. 

It is also noticeable from the results of the experiment that in some rabbits the 
antibody titres in initial samples are lower than those of another rabbit injected 
with the same serum. But the titres in later samples are higher than those of 
another rabbit, showing that slow absorption and consequent slow elimination of 
antibodies in that particular rabbit, perhaps due to some anatomical or other 
sort of variation, is responsible for this apparent discrepancy. 

The results of the experiment show that the physico-chemical changes occur- 
ring in a serum due to its concentration and their eliect on its absorption is not 
peculiar to sera of a particular manufacture, but is general. 


Discussion. 

^ Protein molecules cannot be absorbed’ into the circulation by a process of osmo- 
sis and difiusion through the semi-permeable capillary walls, due to their large size. 
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It is generally believed that they enter the circulation or leave it by a process of 
ultra-filtration through the capillary walls. Ultra-filtration implies passage of the 
filtrant throirgh a number of capillary tubes of the same or varying length and dia- 
meter, depending on the nature of the filter. According to Hagen-Poiseuille’s law 
of capillary flow, 

IT PtH 

== ttt 


where m — amount of fluid passing in time I through a capillary tube of radius 
r and length I under a hydrostatic pressure P ; ;/ being the viscosity of the filtrant. 

If it is assumed that the particular type of filter under consideration— the 
capillary wall — consists of capillary spaces of the same radius and length under 
normal conditions, and contains the same number of such spaces per unit of 
filtering surface, then 

_ P 1 Sx i;3 
nio P 2 S‘2 iJi 


where mi and are the respective amounts of two filtrants filtering in a given 
time through the respective filtering sinfaces Si and S-z under respective hydrostatic 
pressures Pi and P-z, where and ijo are the respective viscosities of the two fii- 
trants— provided that the walls of such capillary spaces possess no electro-chemical 
affinity for the particles in the filtrant. 


The hydrostatic pressure {Pi, P-z) and the area of filtering surface ( 5 i, /S2) are 
determined to a great extent by the volume of the fluid injected through a given 
route. Injection causes stretching of the muscular fibres when given intramuscu- 
larly and of the elastic tissue of the skin when given subcutaneously, the degree oi 
stretching depending on the volume of fluid injected. The natural tonicity of those 
tissues exert pressure on the fluid injected, the amount of pressure depeudmg on 
the degree of stretching on those tissues and thus on the volume of fluid mjectea. 
Also the area through which a fluid is spread after injection, or, in other •'! 
extent of capillary surface availed of for filtration, depends on the volume 01 nu! 
injected. Hence, 

IHi b ] );2 

niz Vo III 


where Fj and Vo represent the respective volumes of fluid injected 
given route. It is understood that the effect of volume on the pressure e.xer 
a tissue and the area of capillary surface available in a tissue for filtrationc ep 
greatly on the anatomical nature of a tissue. Hence, this equation • jgg. 

for comparing the relative amounts filtering through the capillary wall a 
tion of fluids of different volumes and viscosities into tissues of the same ana 
nature. . 

The assimiptions that have been made in order to establish ^ 0 er, 
governing the laws of filtration through the capillary wall, a living bio og 
are perhaps too ideal to be true and hence it is is 

the relationship stated in the equation to be exact. But that tins * 
true, at least qualitatively, is shown by the results of the expernnen , 
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indicate the importance of viscosity and volimie of a serum injected in determining 
the amount of antibody particles filtering through the capillary wall. 

In applying the equation to the results of the present experiments considerations 
should also be given to the technical difficulties. The results of the toxin-antitoxin 
titrations, which are the basis for detenniuatiou of the amounts filtering through, 
are only approximate. Eabbits used in the experiments are likely to differ from 
one another anatomically in relation to the sites of injection and also as a biological 
unit in respect of its behaviour towards the serum injected. These differences in 
structure and constitution among the rabbits add to the difficulty in proper interpre- 
tation of the mode of action of the filter, the capillary wall, contained in them. 

However, coming to the practical aspect of the proposition, the conclusion is 
that a concentrated serum which is more viscous is lilrely to be absorbed less rapidly 
and hence possibly has lesser therapeutic efficacy, in comparison with a natural 
serum of lesser viscosity, when both are injected in the same dosage depending on 
their antibody content. The consideration of volume factor appears to be unimpor- 
tant for practical purposes, as from experimental evidence (Table III) it is clear 
that the antibody titre in serum of rabbits injected with a small volume of high- 
titre serimi is about equal to that in rabbits injected with a large volume of 
low-titre serum, if the antibody content of two sera irrespective of the volume 
and their viscosities are equal. 

The concentrated antidiphtheritic sera in the market, which have been experi- 
mented with, are more viscous than a natural serum and all of them are absorbed 
more slowly and in proportion to their viscosities, in comparison with a natural serum 
(Table IVj. 

Concentration of a serum to increase its antibody titre’ will increase its total 
protein content until it will be possible to eliminate most of the proteins in a 
serum with the least loss to the antibody molecules per unit of volume, when a 
contraction in volume would increase the antibody titre with very little rise in 
protein concentration. The evidences collected till the present time (see 
Marrack, 1938a), which show that the fraction of the globulin which is intended 
to be retained in a concentrated sermn after the elimination of other fractions 
is greatly increased on immunization in most of the cases, do not suggest that 
this is possible at present. However, the antibodies in certain horse sera can 
be separated, highly purified, in a fraction of sermn globulin (Marrack, 19386). 
In this connection the observations of Tiselius and Rabat (1938) appear to be 
significant. They have shown by electrophoretic analysis of potent type I 
anti-pneumococcus horse sera that the antibody produced by the horse exists 
as a new globulin component in addition to the normal a-, ‘/3-, and y-globulin 
components. Perhaps the separation of this component by the processes used ffives 
such good results. But it does not appear to be very successful with other 
antibodies and antitoxins in particular. 

As, according to Einstein’s equation based on kinetics oi the colloid particles in 
a solvent and other modifications of the original equation (Pauli and Vallro 1933) 
viscosity of a solvent depends on the concentration of solute, it appears that 
increased concentration of colloidal protein particles in a concentrated serum is at 
least partly responsible for its high viscosity. It is true that such factors as 
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changes in the type and content of electrolytes, degree of dissociation of 
proteins, its hydration and swelling might all be responsible for determining 
the final viscosity. But in the present e.Kperiments, only the effect of increased 
protein concentration in increasing the viscosity of a concentrated serum is 
clearly demonstrated (Table I). 

Hence concentration of a sernm to increase its antibody titre, also increases 
in most of the cases its protein concentration, which causes a rise in viscosity 
of a serum. From theoretical consideratioias supported by experimental evidences, 
it appears that a rise in viscosity of a serum retards its absorption into the 
circulation and so possibly causes a diminution of therapeutic efficacy of a 
serum. Thus, the chain of inter-relationship of the factors modifying the thera- 
peutic efficacy of a concentrated serum, appears to be complete. 


SuM^rARY. 

Physico-chemical determinations show that the concentrated antidiphtheritic 
sera tested in the experiments are more viscous than the natural sera and the protein 
concentrations of the former are higher than those of the latter. Experiments 
show that the rates of absorption of the concentrated sera are lesser than those 
of the natural sera, when both of them are injected in rabbits in the same dose 
of units of antitoxin per kg. of body-weight. 
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It is generally believed that the active principles constitute a very small 
fraction of the total amount of the crude venom extracted from a poisonous snake. 
This view has been confirmed by the results which have recently been obtained 
by Ganguly and Malkana (1936a), by Ghosh and De (1938), and by Slotta and 
Fraenkel-Conrat (1938). Ghosh and De (loc. cit.) have shown that the neurotoxin 
of the cobra (Naja Naja) venom can be concentrated in a protein fraction which 
constitutes only one-sixteenth of the total protein of the crude venom. Slotta 
and Fraenkel-Conrat (loc. cit.) report that they have succeeded in separating the 
heemolysin and neurotoxin of the Crotalus terrificus venom in a crystalline form 
constituting about 60 per cent of the crude venom. Since it has not yet been 
possible to obtain the active principles of the venoms of banded krait (B. fasciatus) 
and Russell’s viper in a purified form experiments were undertaken to explore 
the possibility of their isolation. The results so far obtained are recorded in 
this paper. 


Separation of the active principles prom the crude Russell’s 

VIPER VENOM. 

(i) First stage of removal of the inert proteins. —The venom of the Russell’s 
viper contains three active principles; a neurotoxin, a hsemorirhagin, and a blood 
coagulating agent. Ganguly and Halkana (19366) succeeded in removing fiO per 
cent of the inactive proteins by fractional precipitation of a solution of Russefi’s 

( 753 ) 
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viper venom by ammonium sulphate. In our experiments we preferred’ to 
use anhydrous sodium sulphate as the protein precipitating agent for reasons 
stated in our previous paper (Ghosh and De, loc. ciL). To each of a nniaber of 
conical flasks was added 20 c.c. of a 0*5 per cent solution (pH 5'8) of Russell’s 
viper venom. The M. L. D. of the venom for pigeons weighing 300 g. to 310 g. 
was found to be O'Ol mg. Calculated quantities of a 40 per cent solution of 
sodium sulphate were added to the different flasks so that the final concentration 
of the sodium salt in them was 22, 23, 24, and 25 per cent, respectively. The 
flasks were then kept for half an hour in a thermostat at 37°C. and after that their 
contents were centrifuged separately. The protein and toxicity of the preci- 
pitate were then determined. The results are recorded in Table I. It will he 
noticed that as the concentration of sodium sulphate is increased the 
percentage of protein precipitated and the toxicity removed with it also 
increase. In all later experiments we precipitated the first fraction of 
proteins at 24 per cent concentration of sodium sulphate. 


Table I. 


Concentration of 
sodium sulphate 
in per cent. 

Percentage 
of protein 
precipitated. 

Percentage 
of neuroto.xin 
precipitated. 

1 

22 1 

24-1 1 

0*0 

23 ! 

33C 

I 8-0 

24 1 

39-2 

10-0 

=5 1 

42-3 

18-0 


{ii) Second stage of removal of proteins. — ’To the supernatant solution 
after removing part of the proteins at 24 per cent concentration of sodium suip 3 
solution, was added solid sodium sulphate until its concentration reached 3 


The 


cent. It had been found in preliminary experiments that precipitation 
concentration of sodium sulphate gives the most satisfactory results. 
precipitate {ii) contains 40 per cent of the protein and 82 per cent of the neuro 
of the crude venom used. 


{Hi) Third stage of removal of proteins. — The precipitate {H) obtained a 
cent sodium sulphate concentration was dissolved in water and the adsorptio 
protein and the toxins from this solution by a number of adsorbents 
The results are recorded in Table II. In these experiments the volume o 
ture was in each case 30 c.c. and it contained 50,000 M. L- H. of nenro o. 
will be noticed that (Willstatter’s) aluminium hydroxide C adsorbs reia iv^ 
neurotoxin and less protein and that Xieselguhr adsorbs relatively gjpjtate 
and less toxin from the supernatant solution. By treating a 
{ii) with Kieselguhr it is thus possible to purify the neurotoxin 3 jjfeiiior- 
purified neurotoxin, however, still contains considerable quantities o 
rhagin and the blood coagulating agent. 
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Table II. 


.Adsorbent. 

Amount of 
adsorbent. 

Contest* OF 

SOLUTION IN 

supernatant 

percentage. 


mg. 

i 

Toxicity. 

Protein. 

Alumina A 

9fi 

i 

16'0 

20-4 

Alumina C . . 

96 

8-0 

23-8 

Kaolin . . 

50 

40-0 

23-1 

Fuller’s earth 

50 

65'0 

19-3 

Kieselguhr 

50 

62-0 

15-9 


Elution of the toxin from the surface of aluminium hydroxide C. 

In the previous section it has been mentioned that aluminium hydroxide C 
adsorbs relatively more of the neurotoxin and less of protein. An attempt was, 
therefore, made to elute the toxins from the surface of this adsorbent, after it has 
been treated with a solution of precipitate («). Fifteen c.c. of a solution containing 
50,000 M. L.' D. of precipitate (it) were shaken with 10 c.c. of a suspension contain- 
ing 9-6 mg. per c.c. of aluminium hydroxide C for 30 minutes. The precipitate 
separated from the supernatant solution by centrifuging and treated with 20 c.c. 
of solution containing different salts of phosphoric acid and glycerine in varying 
proportions. The results are recorded in Table III. It will be noticed that 
by using a solution of 1 per cent disodium hydrogen phosphate and 5 per cent 
glycerine, 40 per cent of neurotoxin associated with only 5’1 per cent of protein 
can be eluted. The purification effected therefore is about 7*8 times. 


Table III. 


Eluting agent. 

Percentage. 

Toxicity. 

i Protein. 

1 

1. 

1 per 

cent NaaHPO,+ 0-5 

per cent 

glycerine 

i 10-0 


2. 

1 

„ NajHPOi-f 1 

»» It 

» > » 

29-0 

4-3 

.3. 

1 „ 

„ lSfa„HPO,+ 5 

tt )» 

tt * > 

40-0 

5-1 

4. 

1 „ 

„ Ka.,HPO,+ 10 

tf 

9t * « 

62-0 

0-4 

5. 

1 „ 

„ (NH.PHPO.+ I 

>» tt 

glycerine 4- 



— 


0-01 

>r » 

NH,OH 

68-0 

7-5 
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Separation of the neurotoxin from the crude venom of 

Bungarus fascialus. 

(а) Removal of j)rolems hg fractional precipitation. — To 90 mg. of dry Btingmis 
fascialus venom dissolved in 10 c.c, of water, was added sufficient quantity of a 40 
per cent sodium sulphate solution so as to bring its concentration to 24 per cent in 
the final mixture. It was then kept in a thermostat at 37°C. for 30 minutes and then 
centrifuged. The precipitate was redissolved in 10 c.c. of water and leprecipitated 
at 24 per cent sodium sulphate concentration. The supernatant solution from this 
precipitation was mixed with that obtained from the previous one. The precipitate 
was found to contain 75‘3 per cent of the protein and 26 per cent of the toxicity of 
the amount of venom initially taken. To the supernatant solution more of 40 per 
cent sodium sulphate solution was added until its concentration rose to 28 per cent 
The mixture was kept in a thermostat at 37°C. for 30 minutes and then filtered. 
The precipitate contained ITl per cent of the protein and 30 per cent of the 
toxicity of the venom taken. 

(б) Removal of proteins by adsorption on and elution from the surface of 
adsorbents : — 


{%) Tnngstic acid as adsorbent. — To the supernatant solution obtained after 
precipitation at 28 per cent sodium sulphate concentration, W'ere added 1 c.c. of 3 
N H2SOt and 1 c.c. of 10 per cent tungstic acid solution. The precipitate obtained 
was washed once with a solution containing 1 c.c. of 2 3 I4/H2SO4 and 1 c.c. 01 
1 0 per cent solution of tungstic acid in 30 c.c. of water. The precipitate was then 
suspended in 10 c.c. of water and to it was added caustic soda solution until the 
pH rose to about 9‘0. A few drops of a concentrated solution of barium chloride ere 
then added and the mixture centrifuged. The supernatant solution was withdrawn 
and a few drops of 40 per cent sodium sulphate solution were added to it to precipita e 
the Ba-ions. It was again centrifuged and the toxicity and protein content 0 i® 
supernatant liquid rvere determined. It was found to contain 6'8 per cent 0 
protein and 36 per cent of the toxicity of the venom initially used. These 
ments were repeated several times and the results were found to be qmtc 
ducible. The neurotoxin was thus purified to the extent of about 5'3 times 
was found to be free from hsemolysin. The recovery was, however, only 36 per eeu . 

(m) Ferric hydroxide as adsorbent. — Since the recovery of the 
low in the experiment described above, several other methods w'ere trieci an 
which proved somewhat satisfactory is recorded below. It consisted 
the inactive proteins by repeated treatment with ferric hydroxide. 
hydroxide was prepared by gradually adding 1,000 c.c. of N/10 FeCIs, 3 -Hs 
tion to 1,500 c.c. of H/10 NaOH with frequent stirring. 'Inrf cc, of 

washed with water until free from Cl-ions and then again mixed witli 1, • ' 

N/10 NaOH and the washing continued until the pH of the superna an ^^^1 
was 7'2. The precipitate was then suspended in such an amount or wa ® 
c.c. of the suspension contained 66 mg. of FegOs. Ten c.c. of this lerric^ pnngarus 
suspension were added to each of a series of flasks containing 90 mg. 0 
fascialus venom dissolved in 10 c.c. of sodium chloride solution of the 

tions. The pH of these solutions was adjusted at 7'2 as t^ 
nroteins was found to be the maximum between pH 7'0 and pH o u. nroteia 
.1.1— „ — n — and then centrifuged. 'T’Ea tnxioitv an 


was shaken for one hour 


The toxicity 



B. N. Ghosh, S. S. De and D. P. Bhattacharya. 


757 


conteut of the supernatant liquid were determined. The results are recorded in 
Table lY. It will be noticed that the best results are obtained when the 
concentration of sodium chloride in the mixture was about 0'75 per cent. 


Table IV. 

ili. L. D. for figeons (300 g.) =1‘8 mg. 


E.xperiment 

number. 

Concentration of 

Content op 

SOLUTION IN 

SUPERNATANT 

PERCENTAGE. 

^ NaCl in per cent. 

Protein. 

; Toxicity. 

1 

1 

0-0 

A9-8 

96 

2 

0-5 

24-7 

90 

1 

3 i 

0-75 

16-8 

00 


1-0 

16-3 

84 


The supernatant solution obtained after the treatment of the venom solution 
with ferric hydroxide suspended at 0'75 per cent NaCl solution, was again shaken, 
after mixing with different volumes of the ferric hydroxide suspension. The 
mixtures were centrifuged and the toxicity and protein content of the super- 
natant were determined in each case. The results are recorded in Table V. It 
will be noticed that the highest purification, about 9 times, is reached when the 
supernatant liquid is shaken with 10 c.c. of the ferric hydroxide suspension. 
The recovery in this case was about 75 per cent, but the neurotoxin contained 
a little haeinolysin. 


Table V. 


Experiment 

number. 

1 

Volume in c.c. of 
ferric hydroxide 
suspension. 

COUTENT OF SUPERNA.TAUT 
EIQtTIP IN PEECBNTAQE. 

Protein. < 

Toxicity. 

1 

2 

13-5 

84 

3 

5 

10-8 

80 

3 

10 

8-4 

75 

4 

i '' 

1 1 

7-5 

65 


COECLXISION. 

1. A very concentrated preparation of the active principles of Bussell’s viper 
enom has been obtained by fractional precipitation with sodium sulphate followed 
. ME 
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I)y {ul.sorption on juul elution from the surfiioe of aluminium hydroxide 0. Jortiie 
same nitrogen content the activity of the neurotoxin in this sample was about 78 
times greater tlian that in the crude venom, 

2. A very active sample of tlie neurotoxin of B. fascialus venom feee from 
limmolysin lias been prepared by fractional precipitation with sodium sulpbate, 
followed by adsorption on and elution from the surface of tungstic acid. Por tie 
same nitrogen content the activity of the neurotoxin in this sample was about o'3 
times greater than that in the crude venom. 

3. It has also been found that by repeated treatment of a solutioa of^ 
B. fascialus venom with ferric hydroxide in presence of 0'75 per cent NaCl and at 
pH 7*2, a sample is obtained in which the activity of the neurotoxin for the same 
nitrogen content is about 9 times greater than that in the crude venom, lia 
neuroto.xin sample, however, contains some h.-emolysin. 
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The problem of tbe treatment of anchylostomiasis is not that of the individual 
case, but of its mass treatment. The usefulness of a drug from this point of view 
depends not only on its efficacy, but also on its suitability for general use and 
freedom from toxicity under conditions of mass treatment. |3-naphthol, 
thymol, chenopodium, carbon tetrachloride, and hexylresorcinol, though useful for 
hospital use, have proved not quite satisfactory for mass treatment. The search 
for a safe, efficient, easily administrable, and inexpensive drug continues. 

A drug that has recently come into general use is tetrachlorethylene. It is a 
chlorine hydrocarbon compound, having the formula G 2 CI 4 , specific gravity 1 - 6 , 
chlorine content 85-5 per cent. It is a heavy liquid, and is fairly stable in all 
climatic conditions. It is very insoluble in water, 1 : 10,000 (Chopra, 1936). 

Review of litekatdbe. 

Hall and Shillinger (1925) introduced the use of tetrachlorethylene as an 
anthelmintic. They found it an effective anthelmintic in dogs. Lambert (1933) 
treated 13 human cases with the new drug and found it has the same selective 
action on the female necator as does carbon tetrachloride. Schapiro and StoU 
(1927) and Soper (1926) reported further successful trials with the new drug 
Lamson, Robins and Ward (1929) studied the pharmacology and toxicology of 
tetrachlorethylene, based on animal experiments. They found that it behaved 
^utirely differontly from carbon tetracliJoride. AVlulo the latter produced liver 
damage and evm fatal results in unhealthy individuals, tetrachlorethylene was 
absorbed very httle, if at all, from the intestinal tracts of dogs in the absence 

( 759 ) 
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Tf" they of ‘In ‘’“T " *»1>' 

not those of hver damage Verv i •?'“ overdose of a hypnotic aid 

w and kidneys. The/ conck/ed W to £ 

beings were very slight. * chances of its toxicity in human 


thi “f h 


. v- »aa reached and exceeded of body-weight. Wliei 

restlessness, drowsiness, and a certain^j/°^^? 
le^s, the severity of the symptoms denemhn^ amount of unsteadiness in the hind 
ms usually disappeared Avithin thread otr ° T ®^o^ever, these symp- 

weigh resulted in' death in eve?y case uToll P«^ 

that the severity of the sympto4 nrodueed ^ 
e drug m milk or water, nor was inrrpnc “‘'^^^rially affected by giving 

1 m alcohol. They concluded that tlip t ^ ° omcity observed by administering 
wil be negligible, 1 3-c.c. to 4 el dose the drug on human beings 

70 kdos would at most represent only 0 Jo c c 0 ^^! 

. Kendrick (1929) who had po * f ^ ° body-weight, 

m the Madras jails, however reno^ted ^»b00 treatments with tetrachlorethylene 
were observed after a dose of 3 r o where severe symptoms of to.xicifcj 

after receiving the drug, and rema'ino/i m® oase the patient became unconscious 
this he rapidly recovered and in tTrr.'i^ about three hours. After 

symptoms in tMs case were those nf nr. r. apparently normal again. The 

had found in animals. He also fonnri ^ hypnotic, as Lamson and others 

as any drug or combination of dm t®^^^®blorethylene was just as efficient 
workers bnv« drugs against hooWorm a . 


I I I icvio, rn 0 o ICJA tVmtm J 4.1 X j » ^ uiiu. waiw*" 

as any drug or combination of dm t®^^^®blorethylene was just as efficient 

worltera have also lepoS favifS' ioofavoiB.. A number of otter 

from toxicity of tetrachloretbvJpno * ^ anthehmntic efficacy and freedom 

experience of several workers i/ add the 
Arnlrpriop /inon\ r. , , . ® addition to tlinf. r>y Tilo T\r__l j. , 


experience of several workers add "^^P^dd 
Mukerjee (1929) first used the dm^ ’ APaplestone and 

find it superior to carbon tetrachlnr'd ^ gelatine capsules, when they did not 
^ug in magnesium sulphate solnHo 

found that it was safe than and Mfeerjee, 1933, 1937),. they 

the liver and kidneys in theraopi ^®t;rachloride, on account of its non-toxicity to 
did not increase its toxicitv a^r doses, and also owing to the fact that alcohol 

]nKr\iTn rm ^ VGry Vclllia,t)]fi nrJvnrjfofYrt x x lorrrA 


did not increase its toxicit^^^n^^ owing to the fact that alcoliol 

labour forces. Thev alan valuable advantage for mass treatment of large 

patients treated ^ P“ “f “1 


patients Wed wSe j" doses ofToZelTper-;/ 

two treatments. Fortv-siv j-i, ^ ^^^^tment and 85-5 per cent after 

been administered in fbp ^^®^^ments with tetrachlorethylene have 

(loc. cit.) in four years ’NTn Islands under the supervision of lanibert 

symptoms than anv nf fl. ^leaths have resulted and it has caused fewer toxic 

100,000 treatments have heel ^lenrthlutlTA™'' “ 

effective anthehnhitfc^aBli'm^lti’if^^f'^® indicates that tetrachlorethylene is an 

safety between the tbpra^p +• bookworm and that there is a wide margin ot 
^ .y iicuween me therapeutic and thp r- i ^nimal 


safety between the theronp^^ j hookworm and that there is a wide margi 
and 'human beings are^coTi^pp^''^/^^T?°^^‘^ bit as healthy animals 

patients suffering froTn p cerned. Further information is necessary as to hovi' 

changes in the heart liver^S!?'^^^^ diseases, or those with secondary organic 

g one neart, fiver, kidneys, etc., react to the drug. In the mass treatment 

O 
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of tlie disease it is not always possible to exclude this type of patient ; experience 
with carbon tetrachloride has shown that an anthelmintic drug, which has been 
quite innocuous in the case of healthy subjects, has produced severely toxic and 
even fatal results in those who were the subjects of obvious or latent disease. 

This paper gives the results of an investigation in which an attempt has been 
made to find the most effective dose that may be given with safety to patients 
admitted primarily for the treatment of conditions other than anchylostomiasis. It 
was carried out in two sets of patients, one a group of children under ten years of 
age at the Lady Kidgeway Hospital for Children, Colombo, and the other adults 
and older children at the General Hospital, Colombo. Both were in the wards at 
these two institutions under the care of the senior author. 

Table I gives the age and sex distributions of the patients, and Table II the 
diseases that were encountered in addition to the helminthiasis. The drug was 
given shaken up in mistura alba, taking care to see that it was broken up into fine 
droplets. The dose of mist, alba was three ounces for adults and a proportion- 
ately smaller dose for children. No special preparation was made, except omitting 
the morning meal, the drug being given on an empty stomach, followed by a light 
meal at noon. Treatment was given at a stage in the illness, when it was considered 
safe to give the drug. 

Table I. 


Age and sex distribution. 


Age (in years). 

iUlales, 

Females. 

« 

Totals. 

Under 1 

• . 

0 

0 

0 

1 to 2 


0 

3 

3 

2 to 4 


8 

3 

11 

4 to 6 


16 

10 

26 

6 to 8 


13 

10 

23 

8 to 10 


3 

6 

9 

10 to 15 


4 

1 

5 

15 to 20 


1 

0 

1 

20 to 30 


12 

5 

17 

30 to 40 


5 

1 

6 

40 to 50 


2 

2 

4 

50' to 60 


3 

2 

5 

60 to 70 

•• 

1 

0 

1 

Totals 

68 

43 

111 
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Table IL 

Diseases encountered. 



Disease. 


1 

o 


a 


4 

5 


6 


7 


S 


9 

10 

11 

12 


13 

14 
16 
16 

17 

18 
1 !) 
20 


j Anemia 

I Advanced an.-cmia . . 

I Acute rheumatic fever 
Pulmonary tuberculosis 
Tuberculous arthritis 
Paralysis (infantile) . . 
.Ilalnutrition 
Nutritional cedema . . 
\'omiting and diarrhcea 
Hickets 
OtitU ineclia 
Worms 
Cellulitis 

Broncho-pneumonia 
' Lobar-pneumonia 
Typhoid 
Continued fever 

Scabies 

I 

Sciatica 

Dog bite (Pasteur treatment) 



Number 
of cases, 

' Serial 
number. 

Disease. 

9 

21 

Malaria 

7 

22 

Nephritis 

3 

23 

Epilepsy 

1 

24 

Influenza 

1 

25 

Chronic ulcer 

3 

26 

Paronychia 

2 

27 

Progressive muscular atrophy 

•> 

28 

Precordial pain 

4 

29 

.Mitral valvular disease 

1 

30 

Congestive heart failure 

2 

31 

Purpura hiemorrhagica 

3 

32 

Neuritis 

2 

33 

Tabes dorsalis 

4 

34 

Pleural effusion 

1 

35 

.laundice 

2 

36 

Cervical rib 

2 

37 

Pyloric obstruction . . 

1 

38 

Plummer- Vinson syndrome 

2 

39 

Hypertensive heart disease 

22 




_ 

. 


The anthelmintic value op tetrachlobethylene. 


A. Hoohworm. 

In order to assess with, accuracy the anthelmiutic value of au.Y 
necessary to have the following data ; — 

(1) The number of worms infesting the patient. 

(2) The number of worms removed by treatment. 

(.3) The number of worms remaining after treatment. 


drug h 


Number 
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Only the second of these can be ascertained by direct examination, the remain- 
ing two having to be obtained by indirect methods. One method in general use is 
to estimate the number of worms from the egg-count per gramme of fseces. Author- 
ities differ widely in their estimate of the worm.'eggs ratio. Figures as different 
as 20, 44, and 100 have been suggested as the number of eggs that correspond to 
an adult hookworm. Hence considerable error is possible and only approximately 
correct results can be obtained. 

Method of investigation adopted . — The general plan adopted was first to examine 
stools for ova ; if ova were present an ova-count was done. For three days after 
treatment all the stools passed were collected, and each day’s stools were examined 
for worms which were counted. Ten days after treatment the stools were again 
examined for ova and an ova-count done. It was not possible to do all the examina- 
tions in every case. Hence some of the cases where the relevant data were not avail- 
able had to be rejected from certain of the calculations, although included in others. 
This would explain the variations in the figures under the same headings in the 
different tables given. A ‘ complete cure ’ for the purposes of this investigation is 
one in which there were no ova in the stools ten days after treatment. A ‘ partial 
cure ’ is one in which there has been reduction of worms or eggs as a result of treat- 
ment. It has been attempted to estimate the extent of this reduction by egg- 
counts before and ten days after treatment, and correlating the information so 
derived with the results of worm-counts after treatment. 

Tables III and IV give the percentage of complete cures and the average 
number of worms passed for the various doses for adults and children respectively : — 


Table III. 
Adults. 


1 

Dose of CjCl^ 
in c.c. 

1 

Number I 
examined 
for ova 10 
days after 
treatment. | 

1 

1 

Complete j 
cures. 1 

Percentage 
of complete 1 
cures. ’ 

1 

j 

Total 
number 
of worms 
passed. 

Number 
examined 
for worm- 
count for 3 
days after 
treatment. 

1 

1 Average 
number 
' of worms. 

3 and nndei- 

9 

1 

4 

1 

44-44 

1 

396 

j 

i 

9 

44 

i 

20 

0 

1 

4a-00 

1,944 

20 

97 

ij ' 

1 

6 

1 

4 

66-60 

506 

1 

6 1 

1 

84 

8 

1) 

^ G 

i 100-00 

1 

1 

1 

i 

1,198 

1 

1 

6 ' 

199 

Totais . . 

41 

1 

1 

23 i 

1 1 

.46-00 

4,044 

41 

101 
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Table IV, 
Children. 


Dose of GjC], 
in minims as 
a multiple 
of the age. 

Average 
dose in 
minims. 

Number 
examined 
after 10 
days for 
ova in 
stools. 

Complete 

cures. 

Percentage 
of complete 
cures. 

Total 
number 
of worms 
passed. 

Number 

where 

worm-count 
was done. 

Average 

number 

ofvrormi. 

Age X 2 

6-0 

2 

0 


31 

4 

8 

Age X 3 

24-0 i 

1 

5 

1 

20-0 

149 

8 

IS 

Age X 4 

26-5 

1 22 i 

12 

54-5 

1,322 

33 

40 

Age X 5 

Age X 6 

29'0 

30-0 


4 

1 

• ■ 33-3 

, 

1,699 

28 

CO 

Totals , . 

•• 

44 1 

IS 

40-9 

3,201 

73 



Table V gives the results of 33 cases where ova-counts were done before treat- 
ment and the worms expelled after treatment were counted. The worni/ova ratio 
used in the calculation was 1 : 40 after Rogers and Megaw (1935). ' 


Table 'V, 


Dose of CjCl, 
in o.c. 

Number 

examined. 

• 

Total number 
of worms 
present as 
calculated. 

Average 

present. 

Total number 
of worms 
expelled. 

Average 

expelled. 

Percentage 

reduction. 

3 

6 

2,062 

387 

276 

46 

13-1 

4 

15 

2,940 

196 

1,421 

95 

48-3 

6 

6 

825 

137 

506 

84 

61-5 

*8 

6 

1,050 

175 

1,198 

199 

lOO'O 

Totals . . 

33 

6,877 

•• 

3,401 

•• 

49-i 


* The correct worm/ova ratio appears to be 1 : 35. 

f r Cli 

It would appear from the above that the anthelmintic efficiency o 
directly with the size of the dose. The percentage of ‘ complete 
steadily from 44-5 per cent in the case of 3-c.o. and under ’ anomaly ® 
cent in the case of 8-c.c. doses. In the cases of children there is 
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dose of four times the age producing a higher percentage of ‘ complete cures ’ than 
one of five times the age. This is readily explained if the larger dose had not been 
so well tolerated as the smaller dose. But no such result was observed, both doses 
being equally well tolerated. Au examination of the figures for the number of worms 
passed shows that this anomaly is only apparent and not real. The number of 
‘ complete cures ’ in any given series is apt to vary not only Avith the efficiency of the 
drug, but also with the relative proportion of severe and moderate infections ; a 
greater proportion of the latter producing a higher percentage of ‘ complete cures ’ 
and vice versa. This fallacy can be eliminated by studying the number of worms 
expelled, a more efficient dose expelhug more worms in the severe infections even 
though the percentage of complete expulsions be less. An. examination of the tables 
shows that there is a steady increase in the average number of worms passed as the 
dose increases ; a dose of five times the age in the case of children expelling 50 per 
cent more worms than one of four times the age. In the 18 cases among children 
where a complete cure was effected, the total number of worms passed was 514, 
with an average of 27 ; in the 26 cases of ‘ partial cure ’ a, total of 2,687 worms was 
passed, with an average of 103. The cure was partial in the latter group, because 
the infection was heavier. In the case of the adult series, the increase in the 
average number of worms expelled follows closely the increase in the dose and the 
increase in the percentage of ‘ complete cures ’, except in the case of the 6-c.c. dose, 
where the average number of worms expelled is a little less than that of the 4-c.c. 
dose. Even here the percentage reduction is greater for a 6-c.c. dose than for a 4-c.c. 
dose, the percentage reduction rising proportionately with the increase of dose. 
Maplestone and Mukerjee (1932) have criticized the attempts at estimating, the 
percentage reduction of worms ftom egg-counts after treatment. The method is 
■ subject to considerable error, but, taken along with other methods, useful results 
may be derived from it. 

Table VI gives the results of egg-counts before and ten days after treatment ; — 


Table VI. 


Besobb teeatuekt. 

1 

j After teeatjieht. 

Dose df CjCl, 
in c.c. 

1 

! Nuin'ber 
examined. 

Total egg- 
count. 

! 

1 

1 

Average 

per 

patient. 

Total egg - 1 
count. 1 

Average ' 
remaining,! 

Average | 
number 
of eggs 
removed, j 

Percentage 

egg 

reduction. 

3 and under . . i 
4 

6 

8 

13 

6 

6 

in,6oo 

33,000 1 
•12,000 1 

1 

Sufficien 

7,800 

5,500 

7,000 

t number J 

42,000 
14,400 1 
, . 0 

ot done. 

1 2,800 
2,400 

0 

sMo 

1 3,100 

7,000 

1 

1 64-2 

56-4 

100-0 

1 


In this table the results ate not uniform, but even here the better results ate 
obtained with higher doses When the 8-c.c. dose is reached the worms are com- 
number passed corresponding to the calculated worm-count 
the ratio 1. 35 be used, no ova bemg found m tbe stools ten days subsequent to 
treatment. The highest number of worms passed on this dose in oL case was 510. 
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B. Round worms. 

Table VIl gives the results iu childreu iii terms of positive ova cases and the 
number of worms passed : — 


IhvBLE VII. 


Dose of C.Cl, 
in minims as 
multiple of 
ago. 

j Number of 
i positive ova 

1 cases. 

Total number 
of worms 
e.xpellecl. 

Average number 
of worms passed 
(approximately). 

Age X 2 

' 4 

7 

2 

Age X 3 

1 4 j 

30 

9 

Age X 4 

2.> 

2.52 

10 

Age X 5 

20 

202 

10 


Age X 0 . . j 

1 . 

I 

1 40 

40 


t 

^ I 

Total . . j 

1 

o4 

537 j 

10 




Table VIII gives the same data for adults : — 


Table VIII. 


Dose of C'jCl, 
iu c.c. 

1 

Number of 
positive ova 
cases. 

Total number 
of worms j 
c.xpelled. 

! 

j Average. 

1 

3 and under j 

j 

9 

0 


■t 1 

11 

3 

. . 

0 1 

3 

0 

. . 

^ 1 

2 




Table IX gives the results, in the adult series, of egg-counts before and 
days after treatment, and the number of worms expelled : — 


\ 


Table IX. 


J^ose of CjCI^ 
in c.c. 

Number 

examined. 

Total round 
worms ova 
before 
treatment. 

Ova-count 

10 days after 
treatment. 

Percentage 

xedviction. 

Worms 

expelte*!' 

_ , . 

3 and under 

4 

151,300 

103,200 

31-9 

0 

:t 

4 

9 

69,900 

37,500 

40 

0 

6 

2 

46,500 

0 

lOO'O 

0 

S 

2 

20,700 

12,600 

39‘1 
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The above tables show that tetrachlorethylene has a slight action on round 
worms, particularly in children. Its effect, however, seems to he more to inhibit - 
the laying of eggs rather than to expel the worms. Even 8-c.c. doses in adults had 
very httle vermifuge effect. 

Coiichisions. — The following conclusions may be drawn ; — 

(1) Tetrachlorethylene is an effective drug against the hookworm. . 

(2) The efficiency of the drug increases with increase in the size of the dose. 

(3) The most effective dose was 8 c.c. for adults, where a 100 per cent 

expulsion of worms can be effected by a single treatment in patients 
harbouring anything up to 510 worms. 

(4) Tetrachlorethylene has little action on round worms. 


Toxicity of tetra’ohlobethylene. 

The cardiovascular, respiratory, renal, hepatic, and nervous systems were 
examined before and after treatment for any evidence of toxicity. The pulse, 
respiration, blood-pressure, disturbances of rhythm and rate, subjective and 
objective nervous changes, aborinalities in the urine, etc., provide evidence of 
toxicity in these organs and their significance can be assessed readily. In the 
case of the liver, recognition of injury is more difficult. The fiver has a large 
reserve power and by the time that clinical evidence of fiver damage appears, 
extensive and perhaps irreparable damage to the fiver has been done. Hence 
more sensitive methods of recognizing toxicity have to be employed if early 
signs of toxicity are to be recognized. Unfortunately, there is no single test 
for fiver function, because the fiver has not one function but a number of them. 
It is intimately connected mth the metabolism of carbohydrates, proteins, 
and fats. Its detoxicating functions are of the utmost importance for the 
maintenance of fife. It excretes bile pigments, synthesizes bile salts, and plays 
an important part in the coagulation of blood. Any one of these functions 
may be affected alone, while the others are unchanged. Experience has shown, 
however, that if all these functions, or a number of them, are investigated at the 
same time, it is possible to detect signs of liver damage long before any clinical 
manifestations occur. Although there are several tests for fiver function the 
following were the tests found practicable to use in this investigation ; 


I. Detoxicating function — bromsulplialein test. 

When a dye such as bromsulphalein is injected intravenously it is removed by 
the fiver and excreted in the bile. If the fiver is damaged the dye ivill remain 
longer than normal m the circulation, the degree of retention after a given interval 
indicating the degree of fiver damage. This is a safe and practical test for fiver 
function. In obstructive jaundice high degrees of retention are found without 

SferSabinSldfe feUacy is guarded against, the test 

II. Biliary functions,' 

(a) Icterus index. ^The colour of the blood serum is comnared wi+b tbat 
of potassium iuotauato, a 1 : 10,000 solutiol 4: 
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figure obtained is called the icterus index, and forms a quantitative estimation of 
bilirubin in the blood. Hocmolysis, lipcemia, and carptin®mia have to le 
excluded. 

(6) Van den Bergh reaction helps to distinguish three types of jaundice, pnie 
obstructive jaundice (immediate, direct) ; htemolytic jaundice (indirect reaction, 
and delayed direct) ; and jaundice associated with damage to liver cells (biphasic 
reaction). This reaction can be estimated quantitatively, and the degree of 
disturbance can be followed from time to time. 

(c) Bile pigment and bile salts in uriyie. — ^Normally no bile pigment or bile salts 
appear in urine. If these appear in urine after the administration of tetraclik- 
ethylene, while they were absent before, it is justifiable to consider it as evidence 
of hepatic injury. 

(d) Urobilin in urine. — ^Normally urobilin is present in urine in very small quan- 
tities, but not in sufficient quantity to give a reaction with Ehrlich’s reagent. Tte 
bilirubin that is excreted into the intestines is converted by bacterial action into 
colourless urobilin. These substances are in part excreted and in part absorbed. 
The absorbed portion is carried by the portal vein into the hver, where it is again 
converted into bilirubin and excreted. If the liver cells are diseased they may m 
unable to dispose of all the urobilin which is offered to them, in which case it 
is carried to the kidney and excreted in the urine. Speaking generally, the 
appearance of urobilin in the urine is a more delicate indication of liver aanwge 
than the presence of bilirubin (Boyd, 1936), 

Two fallacies have to be kept in mind r — 

1. Urobilin may be absent in the urine even in extensive liver damage i 

there is complete obstructive jaundice. , 

2. Increased bile formation, as in haemolysis, will increase the quantity o 

urobilin in the urine although the liver is quite healthy. 

These two conditions may be eliminated by the other tests already 
and by estimating the haemoglobin percentage. As urobilin in the un_ . 
estimated quantitatively, any increase in the urobilin content of the urine, m 
absence of increased haemolysis-, may be taken as a fairly dehcate index or 
turbance of liver cells. 

These tests were carried out in the manner described by Kolmer a 
Boerner (1931), 

III. Glycogenic fwnclions — Icemlose-tolerance test. 

When laevulose is absorbed from the alimentary canal and 
circulation, it is almost entirely taken up by the liver, and a very ii 
the systematic circulation. If the liver is diseased, it is allowed to pa 
systematic circulation, and the blood-sugar rises. The test was done m ^ 

way as the ordinary glucose-tolerance test, but instead of the level 

Imvulose was used. The degree of rise of blood-sugar above the o 
gives the degree of renal dysfunction. ^ ^jPove 

Forty patients were treated, some more than once ; and mos o 
tests were done before and after treatment in forty-three instances, 
are given in tabular form : — 
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Table X. 

Showiyuj the results of hepatic efficiency tests before and after treatment. 
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Table X — contd 
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24 Martha Ha my, 1 Precordial pain. 



Table X — concld. 
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Examination of the table sliows the following : — 

1. Excretory functions . — 'In 40 cases where the bromsulphalein test was 
done before and after treatment, it was found nnchanged in 26, and actually im- 
proved in 10 cases, the average improvement being 7-5 per cent and the highest 
35 per cent. In four cases there was an increase in the retention of the dye. The 
average increase was 3'1 per cent. 

2. Biliary ftmctions . — Icterus index was done before and after treatment in 
43 cases. In three of these there was obvious jaundice (16 xmits and over), but in 
every one of these the jaundice became less after treatment, the average diminution 
being by 16 units. In six cases there Avas latent jaundice (6 to 15 units). In four 
of these the jaundice diminished, in one it was unchanged, and in one it increased. 
This was in a patient with mitral stenosis and congestive failure, in whom the original 
condition was sufficient to account for the increase. In 34 cases, where the 
figures were within normal limits (1 to 5 units), the index diminished in 4. in 
24 it remained unchanged, and in five it increased by 1 or 2 units. In another 
case there was an increase of 4 units, but this was due to an inter-cmrent 
relapse of malaria. A dift'erence of 1 or 2 units is difficult to read and is not 
of much importance either way. In the two cases where there was an increase by 
3 units and 4 units respectively, one Avas a patient Avith mitral stenosis and 
congestive heart failure, and the other had a relapse of malaria between the 
two examinations. In both cases the increase can be ascribed to the original 
conditions. 

Van den Bergh test was done both qualitatively and quantitatively in 43 casM. 
In no case was there any evidence of liver da)mage shown, as demonstrated by the 
appearance of a biphasic reaction. In only six cases was there a quantitative in- 
crease, the highest being one of 0‘2 mg. In the remaining cases there was a decrease 
in the figures, or they were unchanged. In the three cases of jaundice there was 
considerable reduction of van den Bergh units. 

In 43 cases the urine was examined before and after treatment. In no case 
was there bile pigment in the urine after treatment, although it Avas' positive in 
urine before treatment in three cases. 

3. Urobilinuria . — ■Urobilin was estimated quantitatively before and 
treatment in 42 cases. In 12 of these it Avas increased, in the rest it ivas uu 
changed or diminished. In three of these cases there was mitral disease and conge 
tive heart failure, and in tAvo others a relapse of malaria. These were the cas^^ 
where the increase was considerable and the chnical conditions were sumcien 
account for the increase. In the remaining eight cases the increase was ve y 
slight, being only one dilution more than the previous figure. 

4. Glycogenic functions . — A laevulose-tolerance test was done before and afte^ 
treatment in the case where the highest dose per kilo of body-weign 
given. Although the blood-sugar was increased by 32 mg. in the secon > 
compared with 20 mg. in the first test, the highest blood-sugar reading ^ 

125 mf^., and the blood-sugar came down to the fasting level an ho 
There ' Vas thus no certain indication of hepatic damage (Eolleston ana i 

1929). 
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5. Reiial functions . — In 43 instances the urine was examined for albumin 
before and after treatment. In no case was there albumin after treatment, 
nor was there any clinical sign pointing to renal involvement. 

When all the tests are considered together, in no case is there reason to think 
that liver function was affected appreciably. The tests show disturbances in one 
function or other in a few cases. The figures are, however, well within the 
limitations of technical error or normal variations in patients who are ill with 
other pathological conditions. In the nine patients where there was already 
evidence of liver dysfunction, the exhibition of tetrachlorethylene failed to 
aggravate the condition in any one of them. 

Christinsen and Lynch (1933) had found that tetrachlorethylene caused consi- 
derable depression of the heart and respiration in dogs, when given in therapeutic 
doses. To investigate this, in 11 patients who received tetrachlorethylene in doses 
varying from 6 c.c. to 8 c.c., the pulse, respiration, blood-pressure, and mental 
and general conditions were noted at intervals for several hours after treatment. 
The results are given in Table XI. 

In four patients there was giddiness coming on half to one hour after taking 
the drug; two of these felt faint, one patient became drowsy, dull and semi- 
conscious, and remained so for about three hours, after which period he fully 
recovered and was normal again in about four and a half hours of taking the 
drug. In the other patients the faintness and giddiness were of comparatively 
short duration and all the patients had recovered fully by noon. In only one 
case was there any appreciable effect on the blood-pressure noted; here it fell 
from 135,80 to 112/70 at the end of one hour after treatment. The normal blood- 
pressure, however, is subject to variations. No untoward effects were noted in 
any patient receiving 4 c.c. or less, and the only serious case of a narcotic effect 
was in the patient who received 8 c.c., equivalent to 0'21 c.c. per kilo of body- 
weight. 

It may be concluded that in the adult patients : — 

(a) No appreciable toxic effect on the liver was noted in any one of them, 

even in those receiving double the maximum adult dose in general 

use. 

(b) No depressant effects of any importance on the cardiovascular and res- 

piratory systems were noted in any one even after 8-e.c. doses. 

(c) There was no toxic action on the kidneys. 

(d) A few of them who received doses of 6 c.c. or more showed untoward 

effects. These were of the nature of an overdose of a narcotic drug. 

These effects were only temporary. ” 


Toxicity in childben. 

In the case of children it was found not practicable to do all the henatic 
efficiency tests that were done m the adults. Reliance was placed on the results of 
mine examination for albumin, bile pigment, bile salts, and the quantitative esti- 
mation of urobihn. The last was correlated with hemoglobin percentage 
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Seventy patients below the age of ten years were given tetracblorethylpe 
along with mist. alba. Eighty-two treatments were given. The dose in minims 
was a mviltiple of the age. 


1 . 

2 . 

3. 

4 . 


Age X 2 
Age X 3 
Age X 4 
Age X 5 


4 treatments. 
8 

36 

34 


(a) In no case was there any clinical evidence of toxicity ; the drug was well 
tolerated and there was no nausea, vomiting, signs of intoxication, 
or collapse. 

{b) In 67 cases the urine was examined for albumin before and after treat' 
ment; in 65 cases no albumin was noted after treatment. In two 
there was a trace of albumin in the urine after treatment. 


(c) In 65 cases the urine was examined for bile pigment and bile salts before 
and after treatment, and not in one case was there any increase of 
these after treatment. 


(d) In 65 patients urobilin was estimated quantitatively before and after 
treatment. In the great majority of the cases the urobilin content 
was unchanged or dmiinished. TWs, in 24 cases the urobilin content 
decreased, in 25 it remained unaffected, and in 16 it was increased. 
In seven of the last there was a diminution of the hsemoglobin 
percentage to explain the increased urobilinuria. 

The figures for the remaining nine are as follows : — 


Case numlier : — 

1 

1 i 

2 

] 

3 

4 j 

5 ! 

1 ' 

6 1 

1 

; 7 

1 j 

8 1 

! ; 

9 

Befoie treat- 
ment. 

1/30 

dilution 

Nil \ 

i Nil 

1 

j 

Ntl 

Nil 1 

Nil 

i 

1 

Nil 

1 

1/20 i 
dilution 

1/20 

dilution 

After treat- 
ment. 

1/40 

dilution 

1/30 

dilution | 

1/10 

j dilution 

1/20 

dilution 

1/20 

dilution 

1 

1/10 

dilution 

1 

1/10 

, dilution 

1 

1 

1/50 

dilution 

1/30 

dilution 


It would be seen that in the majority of the cases the increases are very slight. 
Of the nine cases of increase the distribution for dosage was as follows ; ^ 


Number of times 
the age. 

Number 

treated. 

1 Number of cases with 
urobilin disturbance. 



Per cent 

4 

36 

5 = 14-0 

5 


2= 5-9 

3 

I “ 

2 = 25-0 
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The results in children may be summarized thus : — 

1. In no case was there any clinical evidence of toxicity, although doses 

up to five times the age in minims had been given. 

2. There was hardly any evidence of renal damage. 

3. Biliary functions showed no abnormality in any case. 

4. In 13'8 per cent of cases there was a slight disturbance of urobilin 

function. In 37 per cent of cases tliere was distinct improvement 
after treatment, and in the others it was unchanged. 

SuMMAEY AND GENERAL CONCLUSIONS. 

1. The available literature on tetrachlorethylene lias been reviewed. 

2. The anthelmintic activity of tetrachlorethylene has been studied in lb 
patients, ranging in age from 2 years to 70 years. 

3. The drug was found to be effective against hookworm, adoseofSc.c. being 
the most effective dose. 

4. It had a slight action against round worms. 

5. The toxicity of tetrachlorethylene has been studied with special reference 
to liver damage. Islo appreciable toxic action has been found even after 8-c.c. doses 
on the cardiovascular, respiratory, hepatic, and renal organs. 

6. In a few cases, doses of 6 c.c. and more have produced symptoms of giddi- 
ness, faintness, and weakness, and in one case that of narcosis. The effects oerc 
only temporary. 

7. Doses of 4 c.c. to 5 c.c. may be safely given to adult patients, and two slid 
treatments at intervals of ten days may be expected to cure even severe eases 
anchylostomiasis. Children may be given tetrachlorethylene in doses of lour 
five times the age in minims. 

8. Tetrachlorethylene, in view of its low toxicity and efficacy, is a i 
able drug in the mass treatment of anchylostomiasis. 
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In our papers on the subject of ‘ Cancer in India ’ published in this Journal 
in July 1935 and in January 1937 (Nath and Grewal, 1935, 1937), we set forth the 
results of our investigations concerning the provinces of the Punjab, Delhi, the 
United Provinces, Behar & Orissa, Burma, and Madras. We now furnish data 
on the same lines from the central belt comprising the provinces of Assam, 
Bengal, the Central Provinces, and Bombay including Sindh. The Indian States 
of Eajputana, Kathiawar, Central India, Hyderabad, and Mysore are also 
included in this survey. In regard to these States and the smaller provinces of 
Assam, the Central Provinces, and Sindh, the autopsy and pathological histology 
data were too meagre to offer a basis of comment. Tables II, VI-c, and Vl-d 
will, however, fmnish such statistical information as was available from these 
areas. 

In Bengal autopsy records of 3,600 cases in all were studied. This series 
furnished 166 cases of malignant disease, giving an incidence of 1 in 21'7 (Table 
1-b). In the Bombay Presidency records of 10,820 autopsies were studied. Three 
hundred and seventy-six cases of malignant disease were found in this series, giving 
an incidence of 1 in 28-7 (Table I-a). The total figure for autopsy records studied 
in this survey is 14,774, of which 548 were cases of malignant disease. Incidence 
in this case would work out to 1 in 26'9 (Table I). Table II will show regional 
distribution of malignant disease in the autopsy data taken as a whole and 
according to different institutions visited. In this series the sites of incidence of 
cancer in order of frequency are as follows ; — 

Gastro-intestinal tract 54-3 per cent, buccal 6-7 per cent, female genitals 6-0 
per cent, penis 2-6 per cent, breast 1-4 per cent, and skin 0-7 per cent On 
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comparative study of data collected from different institutions in Bombay and 
Bengal (Tables Ill-a and 111-6). noteworthy variations in the sites affected are 
as follows: — 


Cancer of the gastro-intestinal tract, although representing tbe site of 
maximum incidence both in Bombay and Bengal, xej)resents higher incidence in 
autopsy material of the latter presidency than the former (72‘0 per cent). 


The second place in order of frequency in autopsy material in Bombay is 
occupied by buccal cancer (7‘8 per cent), while the same place in Bengal is occupied 
by the cancer of the female genital tract (4-5 per cent). 

Table III will show the incidence of cancer in autopsy cases accor&ig 
to commmuties and sex. No significance can attach to the higher figure of inci- 
dence of cancer amongst Hindus, because in the area surveyed Hindus were on 
the whole in a majority. The regional distribution, however, carries certain 
peculiarities. 


Buccal cancer was commoner amongst Mohammedans. That community was, 
however, virtually exempt from penile cancer. The autopsies on Mohammedan 
women were too few to be the subject of any deductions. 

In the matter of age incidence of cancer (Table IV), the autopsy records 
furnished the basis for the same observation as we have already made in our pre- 
vious papers, viz., that the age of maximum incidence of cancer is from 40 to dO 
and not from 50 to 60 as is the ease in Japan, most of the European coimtries and 
the United States of America ; that cancer of the female genital tract begins to sm 
high incidence in the third decade of life, reaching its maximum before the age or w, 
and that buccal cancer also shows very high incidence in the third decade of me, 


Morbid histology records of 9,855 cases were studied in Bombay and 6,143 in 
Bengal. The number of specimens diagnosed malignant in the former senes mas 
1,848 and in the latter 1,136. It appeared that 1 out of 5'3 specimens in Bom 
and 1 out of 5 '4 in Bengal were malignant. The combined figure viewed as a 
(Table VI) showed the buccal cavity to be site of maximum incidence (16‘3 perce , 
then came breast (15'8 per cent), then the female genital tract (15'3 per v^jaci; 
was followed by penile cancer (9'4 per cent), cancer of the gastro-intestina • 
(7T per cent), and cancer of skin (6'9 per cent). In Bombay the regional mci 
(Table VI-6) was in the same order: buccal (19’4 per cent), breast /pg 

female genital tract (12’6 per cent), penis (9‘2 per cent), gastro-intestinal j.. 

per cent), and skin (2'9 per cent). In Bengal (Table Vl-a) the order was 
female genital tract (21*8 per cent), breast (15'2 per cent), buccal (13 P®. „ 
skin (11'7 per cent), penis (9'4 per cent), and gastro-intestinal trac 1 
cent). 

Regional distribution according to sex (Tables VIII and IX) 
buccal cancer, taking the data of entire survey into consideration, y Jnff 

incidence in the male (23 '5 per cent) as compared with t cenf aflfl 

In Bombay (Tables VIII-6 and IX-6) the relative figures were P , 4-3 
11-4 per cent; in Bengal (Tables Vlll-a and IX-a) 22-0 per cent aii^ 
cent, and in the small provinces (Tables VIII-c and IX-c) 18 1 P 


10'2 per cent. 
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Buccal cancer, studied according to its incidence on communities (Table 
sllO^Yed that the general distribution was about the same in all communities except 
that in Bengal. It showed higher incidence amongst Mohammedans {31-5 per cent) 
than Hindus (19-5 per cent). Other communities had as high an incidence as 28-8 
per cent. Incidence of buccal cancer (Table IX-a) was higher amongst 
Mohammedan women than women of other communities. Cancer of gastro- 
intestinal tract (Tables VIII and IX) showed a heavier incidence in males (8-9 per 
cent) than in females (4-7 per cent). The Bombay figure (Tables VIII-6 and IX-6) 
was 10-2 per cent male and 4-1 per cent female. In Bengal this figure (Tables 

VIII- d and IX-a) stood even: 5-6 per cent for both sexes. Mohammedan males 
showed a higher incidence of cancer of the gastro-intestinal tract. The same consi- 
deration applies to skin cancer (Tables VIII and IX), the cancer of this site being 
commoner in the male (9-2 per cent) than the female {4-4 per cent). In Bombay 
the proportion (Tables VIII-6 and IX-6) was 4*7 to 0-9 and in Bengal (Tables Vlll-a 
and IX-a) 16'0 to 6-8. In Bombay the incidence was the highest on the 
Mohammedan community and in Bengal amongst Hindus. As for cancer of the 
breast (Table IX-6), it showed its highest incidence amongst Mohammedan females 
both in Bombay (51-5 per cent) and in Bengal (Table IX-a ) ; 4T2 per cent against 
a combined incidence for women of all commimities 35-0 per cent in Bombay 
and 26-7 per cent in Bengal. So far as cancer of the female genital tract is con- 
cerned (Table IX), it showed a higher incidence amongst Hindu women 39-9 per 
cent as against 22-0 per cent amongst Mohammedan women. In Bombay (Table 

IX- 6) this ratio is as 34 : 22-7 and in Bengal (Table IX-o) as 47-9 : 25-8. Penile 
cancer showed a negligible incidence amongst Mohammedans of TS per cent (Table 
VIII) as compared with Hindus (22-2 per cent). In Bombay this proportion (Table 
VIII-6) was as 2-5 : 20-2 and in Bengal (Table Vlll-a) as 1-8 : 24-2. 

Eecords of 464,227 in-patients treated mostly in the hospitals attached to 
medical colleges and schools in the area surveyed (Table XI) revealed the incidence 
of 7,570 cases of malignant disease. Of this the institutions visited in the Bombay 
Presidency gave 2,896 cases of malignant disease out of a total of 153,260 cases 
treated for all diseases. In Bengal 2,401 cases were found out of 219,540 ; in the 
small provinces 570 out of 46,189 and in the States 469 out of 45,238. This gives 
an incidence of 1 in 52 in Bombay, 1 in 91 in Bengal, 1 in 73 in the small provinces, 
and 1 in 96 in the States. In the area surveyed taken as a whole the incidence 
worked out as 1 in 61. 


Considering the clinical data of this survey collectively, the sites affected in 
order of frequency are as follows: — 

Table XI— -buccal (24-3 per cent), gastro-intestinal tract (19-8 per cent), female 
genital tract (14-2 per cent), breast (9*9 per cent), penis (5-7 per cent), and skin (4-6 
per cent). The Bombay figures taken by themselves (Table Xl-a) show the same 
order - buccal (23-7 per cent), gastro-intestinal tract (22-2 per cent), female genital 
trad; (16-2 per cetrt) breast (8-8 per cen^, penis (5-2 per cent), and skin (2-1 per cent). 
In Bengal (Table XI-6) the order was different : gastro-intestinal tract (26-3 per cent 
female gemta tract (16-2 per cent), breast (10-9 per cent), buccal (9-9 per cLt), skii; 
(7 9 per cent) and penis (6-9 per cent). In small pro-vinces (Table XI-c) gastro- 
intestinal tract (22-6 per cent), breast (13-7 per cent), buccal (13-05 per cent f mat 
gemtal tract (12-2 per cent), akin (10-2 pet «ct)„aid penia (M pefoel” ’’ h tt 
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States (Table Xl-d) : buccal (47-3 per cent), female genital tract (9'4 per cent), 
breast (9*3 per cent), gastro-intestinal tract (6-9 per cent), penis (5T per cent), and 
skin (2*8 per cent). 

Studied in its distribution between the two sexes (Tables XIII and XIV), it 
was found that buccal cancer was commoner in the male (32’8 per cent) than the 
female (12‘2 per cent). Same was true of cancer of gastro-intestinal tract (male 
24-0 per cent, female 13-2 per cent) and skin (male 5T per cent, female 3-6 percent). 
This order of preponderance was borne out when figures for different areas were con- 
sidered separately. In Bombay (Tables Xlll-a and XlV-a) the proportion of buccal 
cancer in the male to that in the female was 33‘5 : 11’7, gastro-intestinal tract 30-1 ; 
12'5, and skin 3T : 0’9. In Bengal (Tables XIII-& and XIV-&) gastro-intestinal 
tract 33'5 : 17*9, buccal 13'4 : 5'7, and skin 8 : 7’5. In small provinces (Tables XIII-c 
and XIV-c) gastro-intestinal tract 29-7 : 11-7, buccal 16'2: 8’4, and skin 14: 2'8. 
In the States (Tables Xlll-d and XlV-d) buccal 65'5 : 2T7, gastro-intestinal tract 
practically the same in both sexes 6 : 6-2 and skin 3‘1 : 2T. 

When the combined data are considered as regards the incidence of malignant 
disease in different communities (Table XIII), the incidence of penile cancer is found 
to be the highest in the Hindu community (12‘1 per cent), least amongst tlie 
Mohammedans (T8 per cent) and other communities occupy an intermediate 
position (5‘4 per cent). Cancer of the female genital tract (Table XIV) behaves 
in the same way. Its highest incidence is on Hindu females (39'0 per cent), 
least on Mohammedan women (26‘3 per cent) and other communities hold 
an intermediate position (35'4 per cent). Cancer of the gastro-intestinal tract 
(Table XIII) is proportionately the highest amongst males of other comnnuities 
(34‘7 per cent), the lowest amongst Hindu males (21-6 per cent) and the 
Mohammedan males occupy an intermediate position (28'9 per cent). Amongst 
females (Table XIV) other communities again showed the highest incidence 
(15‘9 per cent) but Hindu females came next (13’0 per cent) and Mohammedan 
females showed 1T6 per cent. As for buccal cancer (Table XIII), m^du 
males show 33'5 per cent, Mohammedan males 31-6 per cent and males of otiier 
communities 28'9 per cent. Mohammedan females (Table XIV), however, s on 
19-6 per cent, Hiirdu females lO’l per cent, and females of other communities 
per cent. As to cancer of the skin (Table XIII), Mohammedan males show ' 
cent, Hindu males 4-7 per cent, and males of other communities 3'2 percent, 
the same site (Table XIV) women of other communities show 5’9 per cent, 
females 3'4 per cent, and Mohammedan females 2‘3 per cent. Cancer o 
breast (Table XIV) is the highest amongst Mohammedan women 
the lowest amongst Hindu women (22'4 per cent), and other communities c 
in between (26T per cent). 

Considering the incidence along the same lines in different provinces ( * 
XIII -a), Hindu males in Bombay show a penile cancer rate of 12‘2 per cen > 
of other communities 3 '5 per cent, and Mohammedans 0’6 per cent. j^O 
(Table XIII -h) comparable figures are : Hindu males 16T per cent, other ma 
per cent, and Mohammedan males 2-5 per cent ; in the smaller igdan 

XIII-c) Hindu males 15-7 per cent, other males 6‘4 per cent, and Mo ^ 
males 3*3 per cent ; and in the States (Table Xlll-d) Hindu males 8‘1 per 
Mohammedan males 2-3 per cent. 
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Cancer of tlie female genital tract (Table XlV-ft) showed amongst Hindu women 
in Bombay an incidence of 43-5 per cent, amongst women of other communities 36-2 
per cent, and amongst Mohammedan women 32'7 per cent. In Bengal (Table XIV-o) 
the figures for the same communities in order will be 36‘0, 32‘1, and 32"6 per cent ; 
for smaller provinces (Table XIV-o) 35'7, 33'3, and 23'6 per cent , and for the 
States (Table XlV-d) 3i-9, 52-6, and 13-0 per cent. 

Cancer of the gastrointestinal tract amongst males of other communities in 
Bombay (Table Xlll-a) is 39-7 per cent, among Mohammedan males 29-6 per cent, 
and amongst Hindu males 25‘9 per cent. Comparable figures for the same communi- 
ties in Bengal (Table Xlll-fi) will be 34-5, 33-8, and 33-5 per cent ; in the smaller 
provinces (Table XIII-c) 9'7, 31-9, and 31-8 per cent ; and in the States (Table Xlll-d) 
33-3, 14'9, and 5'2 per cent. For the same site women of other communities in 
Bombay (Table XlV-a) show an incidence of 13’5 per cent, Mohammedan women 
14-5 per cent, and Hindu women 11-7 per cent. Comparable figures for women of 
the same communities in Bengal (Table XlV-h) would be 20’7, 14'8, and 17'9 per 
cent ; in small provinces (Table XIV-c) 20-8, 3-6, and 14-3 per cent, and in the States 
(Table XlV-d) Mohammedan women 9'0 per cent and Hindu women 5'7 per cent. 
The figures for this site relating to women of other communities in the States were 
too small to be considered suitable for comparison. 

. As for buccal cancer (Table Xlll-a), Mohammedan males in Bombay show 
39'6 per cent, males of other communities 29'8 per cent, and Hindu males 28'8 per 
cent. Comparable figures for males of these communities in the same order in 
Bengal (Table XIII-6) -will be 14-7, 18-9, and 12-6 per cent ; for smaller provinces 
(Table XIII-c) 15-9, 4T9, and 10'2 per cent; and for the States (Table Xlll-d) 55‘1, 
33'3, and 67'Q per cent. Mohammedan women in Bombay (Table XlV-a) show 
an incidence of buccal cancer of 2T3 per cent, women of, other communities 11-6 
per cent, and Hindu women 9-7 per cent. Figures under the same heads for Bengal 
(Table XlV-h) are 12-8, 0-7, and 5-7 per cent ; for the smaller provinces (Table XIV-c) 
9'0, 16'6, and 6‘2 per cent; and for the States (Table XlV-d) 30'0 per cent for 
Mohammedan women and 20-5 per cent for Hindu women. 

Figures for skin cancer for difierent provinces vary and are of not much signi- 
ficance for purposes of comparison. The incidence of cancer of the breast amongst 
Mohammedan women in Bombay (Table XIV-o) was 20-6 per cent, women of other 
communities 26-5 per cent, and Hindu women 21-3 per cent. Comparable figures 
for communities in the same order for Bengal (Table XIV-6) were 24-7, 28-6, and 
19-7 per cent ; for the smaller provinces (Table XIV-c) 52-7, 8-3, and 29-4 per cent ; 
and for the States (Table XlV-d) 37, 26-3, and 27-7 per cent. 


Discussion. 

On the whole the findings of tMS survey point to the same general conclusions 
as have aheady been stated by us in our previous papers. The fact that cancer of 
the gastro-intestinal tract is the commonest type met with at autopsy indicates that 
it represents in reality the site of maximum incidence in India. In the clinical 
material also this _ type occupies a very prominent position. That in some 
provinces it occupies the first position in order of preponderance in the clinical 
material and m others not so perhaps indicates that the clinical assessment of 

J, MR jg 
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cancer of the gastro-intestinal tract in India varies and has not yet reached tie 
level attained in Western countries and in Japan. In the area under review in 
this paper the maximum incidence of this type of cancer is found in Bengal both 
according to autopsy and clinical records. This observation indicates the advisability 
of more detailed study of causal factors in Bengal. 

Buccal cancer occupies a prominent position in all types of records. In the 
autopsy records it stood second and in the histological and clinical records it occu- 
pied the first position. In Bengal buccal cancer does not occupy a position of similar 
importance. The Pan habit is practically as common in that Presidency as over 
the rest of the area surveyed and an answer will have to be found to this relative 
infrequency. 

Penile cancer is of course a disease of the uncircumcized. Incidence among 
ilohammedans is negligible, but why shoidd there be a higher incidence amongst 
the Hindus as against other non-musliin communities is again a problem worth stud}'- 
ing. It is a curious coincidence that cancer of the female genital tract is also com- 
moner amongst the Hindu women than in women of other communities. It has 
been observed that cancer of the female genital tract is less common amongst 
Jewish women tliaii other women in the West. Cancer of the penis amongst Jews 
is as uncommon as amongst the Mohammedans. Is any conjugal relationship 
possible between penile cancer and cancer of the female genital tract, should be 
an interesting question and the statistics presented by us may prove of some help 
in its consideration. 

This paper completes a general survey of the available statistics on the subject 
of ‘ Cancer in India ’. To our mind the most outstanding fact with regard to 
incidence of mabgnant diseases in India is that the origin of the hulk of it hes m 
chronic irritation. It is, therefore, preventable through education and the attain- 
ment of higher standards of personal hygiene and pubbc health. The survey has 
also shown that valuable information can be collected and presented reganhng 
diseases, on which reports on Indian vital statistics were so fax sUeut. I be 
subject of cancer is of international interest and it is hoped that arrangements 
will be taken in hand to draw permanently on sources tapped iu this survey, so 
that information on the incidence of cancer in India, however partial, may continue 
to be made available to the scientific world. 
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Table I-a. 

giiant as shown in the autopsy records of the following institutions i 

Bombay Presidency. 
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Table 1 - 6 . 

Incidence of malignant disease as shoimi in the autopsy records of the follaunng institutions in 

Bengal Presidency. 


F. Nath and K. S. Greival 


793 



Table IL 

Showing regional distributions of cancer and incideiwe of malignant disease as based on autopsy records 

of the following institutions. 
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bmdeme of maligmnt disease based on the biopsy records of the following presidencies and provinces. 
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Table "Vll-fe. 

Incidence of malignant disease and regional distribution of cancer according to religion and sex as 
ascertained from histology records of Bombay Presidency. 
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Table VII-c, 

Incidence of nmlignant disease and regional distribution of cancer according to religion and sex 
ascertained from histology records of small provinces. 
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Table Vll-tZ. 

Incidence of malignant disease and regional distribution of cancer according to religion and sex as 

ascertained from histology records of the States. 
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Table YIII-6. 


Regional distribution of cancel' per hundred male cases based on the records 
of the pathological laboratories of Bombay Presidency. 


1 

Religion. 

Female 

genitals. 

Penis. 
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Breast. 

Gastro- 
intestinal 
tract and 
liver. 

Buccal. 

Skin. 
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laneous. 
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4*9 1 
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28-9 

7-5 

47-9 

1'6 

Others 

•• 
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11-3 

29-2 

•• 

25-4 

2-9 

Combined Hindu, 
Mohammedan 
and others. 

•• 

18-0 

1*6 



■ 

35-9 

1-9 


Table VIII-c. 


Regiotial distribution of cancer per hundred male cases based on the records 
of the pathological laboratories of small provinces. 
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tract and 
liver. 

Buccal. 
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• • 

22-4 
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8-6 
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•• 
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20-0 

12-5 

50-0 


Others 

•• 

16-6 

8-3 

16-6 

8-3 

16-6 

16-6 

16-6 

Combined Hindu, 
Mohammedan 
and others. 

•• 

13-6 

i 1-8 

8-1 

18-1 

10-9 

41-8 

54-5 
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Table VIII-cZ. 


Regional distribution of cancer per hundred male cases based on the records 
of the pathological laboratories of (he States. 
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T^vble IX. 

Regional distribution of cancer per hundred female cases based on the 
records of the pathological laboratories of Bengal, Bombay, 
small provinces, and the States. 
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Table VIII-6. 


Regional distribution of cancer jjer hundred male cases based on the records 
of the -pathological laboratories of Bombay Presidency. 


Religion. 

Female 

genitals. 

Penis. 

Breast. 

Gastro- 
intestinal 
tract and 
liver. 

Buccal. 

Skin. 

Miscel- 

laneous. 


Hindu 

. • 

20-2 

i 

1*3 

9-4 

25-1 

4-9 

37-2 

1-7 

Mohammedan . . 

•• 

2-5 

•• 

11-5 

28-9 

7-5 

47-9 

1-6 

Others 

•• 

26-4 

4-7 

11-3 

29-2 

•• 

25-4 

2'9 

Combined Hindu, 
Mohammedan 
and others. 

•• 

18-0 

1-6 

10-2 

26-5 

■ 

35-9 

1-9 


Table VIII-c. 


Regional distribution of cancer per hundred male cases based on the records 
of the pathological laboratories of small provinces. 


Religion. 

1 

Female 

genitals. 

Penis. 

Breast. 

Gastro- 
intestinal 
tract and 
liver. 

Buccal. 

Skin. 
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Rodent 

ulcer. 
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. • 

22*4 

1-7 
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16-6 
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16-6 

16-6 

16'6 

Combined Hindu, 
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and others. 


13-6 

1-8 

8-1 

18-1 

10-9 

41-8 

64-5 
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T.U1LE IX-c. 


Rcgioml distribution of cancer per Jiundrcd female cases based on the records 
of the pathological kiborataries of small provinces. 
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Table IX-d. 

Regional distribution of cancer per hundred female cases based on the records 
of the pathological laboratories of the Stales. 


Religion, 

Female 

genitals. 

Penis. 
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1 Breast. 
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Gastro- 
intestinal 
tract and ] 
liver. 
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Buccal. ] 
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1 

Skin. 

Miscel- 

laneous. 

Rodent 

ulcer. 

Hindu 
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. . 
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1 
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1 
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Others 
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' > • • 
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Mohammed a n 
and others. 
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Table XII-c- 

Combined table showing cases of malignant disease according to sex, religion, ami site vn the institutions of 

small provinces. 
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Table XIII. 


ReQwiuil disti'ibution of cuuccv per hundred mule cus&s uccording to CQuununilies 
US ascertained from the records of hosjnluls in Bombay, Bengal, 
small provinces, and the States. 


Xainc of 
cooimunity. 

Female o, . 

genit-Hs. 

Breast. 

Gastro- 
intestinal 
tract and 
liver. 

Biieeal. 

.Skin. 

Miscelia- 

neous. 

Rodent 

ulcer. 

Hindu 

12-1 

O-J 

210 

33-j 

4-7 

20-3 

0-6 

Mohammcdiiu . . 

1-8 

0-4 

2S-9 

31-6 

7-1 

29-2 

0-7 

Others 

. . .j'4 

0-3 

:u-7 

28-9 

3-2 

25-3 

1 

1 1-8 

1 

C 0 m b i u e d 
comnnmities. 

9-5 

0-8 

240 

32-8 

5-1 

26-9 

0-75 



Table Xni-«. 





Regional distribution of cancer gjer hundred mule atses uccording to 
communities in Bombay Presidency, 

Xame of 
community. 

Female . 

gemtab. , ' 

Breast. 

Gastro- 
intestinal 
tract and 
liver. 

, Buccal. 

Skin. 

1 j 

I ; 

Miacella- j 
ueous. 

1 

1 

! Rodent 
ulcer. 

Hindu 

. . 12'2 

0-68 

; 25-9 

1 28-8 

1 

3-7 

1 1 

• 27-4 ' 

1-2 

llohammedaii . . 

1 

0*6 

•• 

29<> 

, 39-6 

1 1-95 

i 

27*6 i 

0-6 

Others 

- . 3*0 

0-6 

39-7 

i 

29-8 

1 

f 

0*8 

24-7 

1-2 

Ooml)ined 

communities. 

; . . 9*0 

t 

i 

1 

; 00 

30-1 

i 

1 

33-5 

; 

j 

3-1 

' ) 

1 22-1 , 

i 1 

1-2 
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1’able X1II-/>. 


Regional dislribxition, of cancer per hundred male cubes according to 
communities in Bengal Presidency. 


Name of 
community. 

Female 

genitals. 

Penis. 

Breast. 

1 

Gastro- 
intestinal 
tract and 
liver. 

Buccal. 

Skin. 

MibcelJa- 

neoub. 

Rodent 

ulcer. 

Hindu 

' ' 

16-1 

2-1 


12-6 

6*5 

28-9 

0-26 

1 

Mohammedan . . 


2-5 

1-3 

33-8 

14-7 

14-7 

:}2*9 j 

•• 

Othera 

•• 

12-0 

i 

•• 

31-5 

1 

18-9 

.. 

34-5 


Combined 

communities. 


12-8 

1-8 

1 

33-5 j 

1 

13-4 

8-0 

30-0 

0-19 


Table XIlI-c. 


Regional distribution of cancer per hundred male cases according to 
communities in small provinces. 


! 

K ame of 
community. 

Female 

genitals. 

Penis. 

Bieast. 

Gastio- 
mtestinal 
tract and 
liver. 

1 

1 

Buccal. 

SlJn. 

Miscella- 

neotis. 

Rodent 

ulcer. 

Hindu 


15*7 

1 

1-j 

1 

31*8 

10-2 

11-0 

28*3 

[ 0-8 

1 

Mohammedan . . 

•• 

3-3 

0'85 

^ 31-9 

15-9 

14-3 

29-4 

3-3 

Others 

i 

6-4 

i 

t 

•• 

1 9-7 

41-9 

2.5-8 

16*1 

i 

3-2 

C 0 m b i u e d 
communities. 


1 

9-4 

1 

lOS 

29-7 

16*2 

i 

14-0 

f 

27-1 

2'- 
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Regioml distribtdioa of ciincer per hundred male easas according to 
communities in the States. 


Name of 
catumuuily. 

Female 

genitals. 

i 

1 

1 

J 

\ 

1 

1 

t 

Breast. 

Gastro- 1 

intestimil 1 
tract and 
liver. 

I 

Biieeal. 

skin. 

i 

Jfiseella- 

neous. 

Hodent 

ulcer. 

Hindu 

1 

1 

i 

s-I ' 

1 

o-;t 

1 

i 

liT-d j 

! 

f 

.‘^5 t 

1 1 

32'C 1 

0-2 

Jlohammed.iii . . 


1 

1 

i 

•• 

I4-i) , 

u5‘l 

1 1 

0-8 

26-7 

•• 

Others 

! 

! 

i 

i 

33-3 

33-3 

1 

i 

1 '• 

20'0 

, 13-3 

Combined | 
communities. 1 

i 

j 

1 

j 

I 

0-3 

I 

G-0 

1 


3-1 

23-1 

0-4 


Table XW. 


Regional distribution of cancer per humlred female aises according to 
communities as ascertained from the records of hospitals in 
Bombay. Bengal, small provinces, and the States. 


jSTanie of 
community. 

i 

Female 

genitals. 

1 

i 

Peni.s. j 

Bica.st. 

\ 

Gastro- 1 
intestinal 
tract and 
liver, j 

i 

Buccal. 

Sldn. 

]3iliacella- 

neous. 

Rodent 

ulcer. 

Hindu 

3<J'0 

1 


22-4 1 

13-0 

lo-l 

3-4 

11-7 

0-1 

Mohammedan . , 


-- 

HO'5 j 

11-6 

: 19-6 

2*3 

t 

9-3 

0-2 

Others 

35-4 

•• 

i 

20'1 i 

15-'J 

1 

7-4 

5-9 

8-3 

1-0 

Combined 

communities. 

t 

3(>'5 


24-2 

13-2 

12-2 

3-6 

10-8 

0-27 
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Table XLY-a. 


Regional dislnbution of cancer per htcndred female cases according to 
communities as ascertained from the records of hospitals 
in Bombay Presidejicy. 


Xame of 
community. 

h’emale 

genitals. 

1 

1 

' 1 ! 
1 

Penis. ^ Breast. 

Gastro- 
intestinal 
tract and 

I liver. 

) 

1 BiiceuL 

1 

1 

.Skin. 

1 

Miscella- 
ueous, i 

Kodent 

ulcer. 

1 

Hindu 

1 

1 

1 ; 

i 43-0 

1 

j 1 

1 

21-3 

1 1 

11-7 

i 

9-7 

i 

i ' 

! i-i 

1 1 

1 

10*6 , 

0-3 

Mohammedan . . 

1 

! 1 

i 32-7 

20-6 

14-0 1 

1 

21-3 

1 

1 

0-7 ! 

1 

9-9 

•• 

( 

Others 

[ 36-2 

I 

! 

26-5 

13-.> j 

( 

11-6 1 

04-9 


P9 

Combined 

41-6 

22-3 

12-,5 

11-7 

0-9 ' 

1 

10-4 1 

0-6 


communities. ! 


Table XIV-6. 


Regiomil distribution of cancer per Imndred female cases according to 
communities as ascertained from the records of hospitals 
in Bengal Presidency. 


Name of | 

community. | 

1 

I'emale 

genitals. 

Penis. 

Breast. 

1 Gastio- 
intestinal 
tract and 
liver. 

1 

Buccal. 

1 

Skin. 

Midcelia- 

neoiis. 

Rodent 

ulcer. 

Hindu 

36-0 

i 

I9’7 

1 

j 

1 , 
1 

! 17-9 

5-7 

1 

e-s 

13-9 

•• 

Mohammedan . . 

1 

32-6 


! 

24-7 j 

1 14'8 

i 12-8 

i 

4-9 

! 

yy 

1 

j 


Others 

1 

32-i 

•• 

28*0 

1 

20-7 

0-7 

12-8 

a-O ! 


Combined 

communities. 

34-9 

1 

1 

21*6 

17-9 

0*7 

7*5 J 

IPI 

; 

• 
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Table XIV-c. 


Regioml distribulmi of earner fer hundred female cases according to 
communities as ascertained from (he records of hospitals 
ill small provinces. 


Name of 
fororaunity. 

1 

1 Female 

1 genitals. | 

1 

PeiliH. ; 

\ 

Bicwt. 

Gastro- 1 
intestinal 1 
tract and 
liver. 

Buccal. 

ijicin. 

ilisceUa* 

neouB. 

Rodent 

ulcer. 

HinUu 

3o-7 

1 

1 ' 1 

20-4 i 

1 1-3 

0‘2 

i 

3-1 

11-2 

1 

Mohaimuedau . . 

230 

( 

o2-7 

3*0 

1 

{ 9-0 

V8 

7-2 

1-8 

Others 

33-3 

• • 

8-3 

20-8 

16-0 

1 

4-1 

ie -0 

•• 

Combined 

communities. 

32-0 

1 

1 

11-7 

1 

8-4 

( 

1 2-8 

10-7 

1 

0-5 




Table XlY-d. 

Regiomil dislribiilion of cancer per hundred female cases according to 
communities as ascertained from the records of hospitals 
in the States. 


Jfame of 
community. 

Female 

genitals. 

1 

I'enis. 

B least. 

1 

Gastro- 
i intestinal 
tract and 

1 liver. 

1 

1 

I Buccal. 

! Sldu. 

! ; 
1 

j ^liBcella- : 
neoiia. 

Rodent 

ulcer. 

Hindu 

34-9 


27-7 

3-7 1 

20*5 

1 

1-4 I 

&-5 i 


Mohammedan . . 

13-0 

' 

1 i 

37-0 

s»*o 

i 

30-0 

2-0 1 

9-0 

, , 

Others 

o2*G 

1 ■■ ^ 

i 

20-3 

■■ 

1 

i I 


I 

15*0 

5-2 

I 

0 o m h i 11 e d 
communities. 

30'9 


29*6 

f i 

21<7 

i 

2-1 i 

i 

i 

9-2 

1 

I 






SJiotving distribution of carcinoma according to age and site and of sarcoma according to age alone as 
gathered from hospital records of Bombay, Bengal, small provinces, and the States. 
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Introduction. 

It is over thirty years since the first attempt was made to establish a satisfac- 
tory complement-fixation test for use in diagnosis of leprosy, the first publication 
on the subject being that of Eituer (19C6). Eitner used as antigen in two cases an 
aqueous extract of leproma. For the next ten years much attention was paid to 
the subject by many workers, but a satisfactory test was not forthcoming and 
interest then appeared to slacken. Recently, however, interest in the subject ha.s 
revived particularly in view of the published results of the test performed with the 
W. K, K. antigen. 

It is unlikely that a complement-fixation test will be of great practical value 
in the diagnosis of leprosy, since leprosy is a disease which shows itself outwardly 
at an early stage, and in which early clinical diagnosis presents few difficulties to 
the experienced worker. It is possible, however, that coinplement-fixation tests 
may be of value in prognosis, in asse-ssing results of treatment, and in testing the 
antigenic properties of supposed cultures of the organism. 

( 833 ) 



834 Conyplement-Fixatioii in Lejn'osij and Other Diseases.- 


The LITERATUKE OF C0^1^LE^^E^"1•-^'IXA'J’^()^' IX LEPROSY. 

Tiie early literature ou the subject is very ably reviewed 1)V Cooke (1919) and 
to cover tliis period we shall suininarize his article. 

He review.s aiul tabulates the results reported by many workers. He summarizes in tabular 
form the rc.sults of complement-fixation tests of various kinds carried out with various antigens. 
Cooke’s Table 1 refers to the W’a.sscrniann nmetioii ami rh’als with 42 reports. The aggregate of the 
reported results is as follows ; — 

Sera tested .. .. .. .. ... .. 1397 


Percentage positive 
Nodular and mixed eases 
Percentage positive ... 

Aniesthetic cases . . . . ... 

Percentage jiositive 

Cooke’s Table 11 refers to complement-fi.xation with alcoholic c 
carcinomas, and normal .skin as antigen. Eight workersare tjuotcd with 
Sera tested 
Percentage positive 
Nodular and mixed cases 
Percentage positive 
Anajsthetic cases 

Percentage positive . . . . . . - 


50 

723 

60 

405 

25 


-xtracts of leproiuas, sareoiiiu?, 
iggregate resrdts ns folloH’.s 
210 
52 
109 
75 
91 
25 


Cooke’s Table 111 refers to complement-fixation with antigens prepared from lepronias bv 
extraction. Sixteen workers are quoted with the following aggregate results : — 


Sera tested . . 
Percentage positive 
Nodular and mixed case.s 
Percentage positive 
Ansesthetic cases 
Percentage 2 ) 0 sitive 


308 

66 

144 

84 

137 

41 


Cooke’s Table IV refers to complement-fixation with bacterial antigen (tuberculin), 
workers are quoted with the follo\\'ing results : — 

Sera tested 


XiiiD 


Percentage positive 
Nodular and mixed 
Percentage positive 
Anaesthetic cases 
Percentage positive 


180 

68 

44 

84 

17 

35 


83 

55 

93 

12 

58 


Cooke’s Table V refers to complement-fixation with bacterial antigens (emulsions ol various 
acid-fast bacilli, chiefly tubercle bacilli or supposed lepro.sy cultures). Eight workers are quotei 
with the following aggregate results : — 

Sera tested . . . . . . . . . . . . 89 

Percentage positive 
Nodular and mixed cases 
Percentage positive 
Aniesthetic cases 
Percentage positive 

In all this work Cooke notes the apparent lack of specificity of the reaction (antigens prepared 
from non-leprous material frequently giving positive results), and also the failure of most workers <> 1 
adecpiate control tests. 

Cooke then gives details of liis own work on complement-fixation in fifteen cases of leproaV usiUo 
as antigens nineteen different bacillary emulsions, including emulsions made from tubercle bacil * ® 
from bacilli from supposed leprosy cultures. He concludes that leprous sera contain a complem" ^ 
binding substance varying very much in amount, the nodular cases showing the highest 
the substance. The substance acts with acid-fast bacilli of various kinds, and also sometimes 
‘ non-acid-fast ’ antigens but only in low dilution. This group reaction given by leprous i^j. 

many acid-fast bacilli, prevents the use of complement-fi.vation tests to prove that any par 
acid-fast organism isolated firom leprous lesions is really the organism of leprosy. 



J. Lowe and 8. D. S. Greml. 


833 


• Since fclie time of Cooice’s publication, the attention of various worlcers lias been 
directed towards the preparation of a l)etter antigen and towards tlie imjWfwement 
of technique so as to render coinpleinent-fixation tests more specific. 

Lowia aa<{ Aroimon used an alcoluiiiu vxlvavt of Ifoviiie OilnTcic Inu-iili, iiinl in 4:1 eases of 

all tyj)c.s o))tainod il7'7 per cent of positive rc.sulls, Init of l~ti control acrii. Sl'C per cent pave po.sitivc 
results. 

Taylor and ilaUwe 11024) used an antiaen prepared from B, (aAerciifosis by dc-fivUiiig with foniiaUn 
and acetone according to the technique of Oreyer, .staixiardizhig tlie niitigen l»y meiiun of opacity test.'). 
One hundred tests were performed witli tlie following resultH : — 

Per cent positive. 

Nodular 37 cases . . . - . . . . 100 

3Ii.\-ed 13 cnnes . . . . . . . . 92 

.Vnajsthctie .lO cases . . . . . . . . 0(1 

Fourteen nou-leprous, jion-tubcrenlons, and Wa.sscrninnn negative .sera gave all negiitive results. 

Uiievsky and Braoul (1920) uncd an antigen prepared frojn the tubercle baeilhi.s. They obtained 
positive results in 39 out of 44 nodular ease.s. lu alight and inactive cases the percentage of positive 
results was much loiter. 

Row (1937) briefly nientioii,s the ii.se of antigen prepared by antoly»i.s of tubercle baeilli, with 
100 per cent positive results in eases of ‘ cutaneous ’ type, 100 per cent negative rcsult.s in cases of 
neural type, and doubtful results in ca.ses of* tuberculoid ’ type. No details have been piibii.shed, 

Cousiderable atteutiou lias recently been paid to the use of the antigen prepared 
from tubercle bacilli by the Witebsky, Klingenstein and Kuhn (1931) method. In 
1931 these authors published their method of preparation and since then the antigen 
has been widely used in tuberculosis and is handled commercially by Bayer. It 
is commonly called the W. K. K. antigen. 

Brants (1932) reported on tlie use of this antigen in leprosy, reporting po.sitive findings in 100 per 
cent of ca.ses of nodular type, and in 79 per cent of case.s of neural ty-pe. 

Kernel (1933) used W. K. K. antigen in ensc.s of lepro.sy, suspected leprosy, contacts with leprosy, 
and cases of tuberculosis and syphilis. 

Of 14 cases of leprosy 13 gave positive results. 

Of 5 suspects and contacts 3 gave positive results. 

Of 10 cases of tuberculosis 6 gave positive results. 

Of 10 cases of syphilis 6 gave positive results. 

Using as antigen an alcoholic e.vtract of Icproma, Komel obtained similar results except that few 
positive findings were made in tuberculous sera. 

Bier and Arnold (1935) reported the following results from the use of W. K. K. antigen 



Number 
of cases. 

Number 

positive. 

Per cent 
positive. 

1 

1 

Neural leprosy s . . . i 

U ' 

1 

8 

57-1 

Nodular . . . , 

31 

29 

CD 

Dt 

Mixed 

1S5 

1 

146 

94-2 

Incipient eases . . . . 

1 

32 

44-4 

Totals 

272 

215 

79 

[ 

i 
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Bier (ll)!JG) reported 9-1 per cent of nodular and niixcd cases positive and 70 per cent of neural 
cases positive. Leishmania.sis showed 70 per cent i)ositive. 

Rabello and Machado (lOSO) report 2(i per cent of positive in eases of tuberculoid leprosy. 

Pereira (199(5) gives the following refnilts : — 



Number. 

per cent. 

r 

i ^ 

1 per cent. 

-t- 

1 per cent. 

1 

+ + 

per cent. 

1 + + + 

per cent. 

Per cent 
positive. 

Skin leiiro.sy . . 

12 

0 

^ 0 

1 0 

17 

83 

100 

Mixed „ 

3.') 

0 

! * 

0 i 

1 

1 'll 

69 

100 

Nerve ,, 

GO 

15 

1 

13 

47 

20 

80 

Contacts 

84 

63 

1 ^ 


1.5 

6 1 

1 

32 

Syphilis 

1 

8 

100 





Nil. 

Healthy 

8 

100 

1 

i 

. . t 



Nil. 


Rabello (1937) writing on classification makes the following rcmark.s about the results of the 
Witebaky test in the different types of leprosy : — 

Per cent 

Lepromatous type . . . . 90 positive strong. 

Anaesthetic type . . . . 60 ,, „ 

Macular type . . . . . . 20 „ „ 

Tuberculoid type . . . . 80 negative. 

Aold and Murao (1933) prepared an antigen from leprous nodules, by a method similar to that 
of Witebsky, Klingenstein and Kuhn, and performed the complement-fixation test in a series of cases 
of nodular and nerve leprosy, tuberculosis, and syphilis, and in healthy controls, and on some of the 
cases performed the original W. K. K. test also. ' With the leprosy antigen, the results obtained were 
similar to, but not so definite as, those obtained by the use of W. K. K. antigen, most oases of leprosy, 
and some cases of tuberculosis and of .syphilis giving positive results, healthy controls giving negative 
results. 

This review of the literature indicates that the best available antigen for 
complement-fixation in leprosy appears to be an antigen prepared from the tubercle 
bacillus, and that the most promising results have been reported from the use ot 
the antigen of Taylor and Malone, and of Witebsky, Klingenstein and Kuhn. The 
latter antigen has been used in many cases by several workers and is on the market, 
whereas the other antigen has been used only by its originators and is not available. 
We have, therefore, undertaken a study of the use of the W. K. K. antigen. 

Two different types of result have been reported from the use of W. K. h-- 
antigen. All workers report a very high percentage of positive findings in cases ox 
lepromatous (nodular, cutaneous, or skin) type. Some workers report also a 
moderately high percentage of positive findings in cases of neural type, while others 
report that in this type of leprosy, the result is usually negative. It is possible, 
even probable, that this divergence of opinion may to some extent be caused li}' 
differences in methods of classification. 

In the system of classification of cases laid down by the Manila Conference and 
recently modified by the Cairo Conference, a case is primarily classified as lepro- 
matous ’ when any lesion of this type is present even if there are also marked lesion.s 
of the nerves ; and a case is only classified as ‘ nemal ’ when all the lesions presen 
are of this type. Possibly some workers have applied this system rigidly, while others 
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have not, but have classiHed a case as ‘ neural ’ if the predominating symptoms 
were ai^oesthesia, deformities, etc., ignoring or perhaps overloolcing tlie presence 
of sliglit leproinatous lesions. As will be shown later in this paper, we find that the 
presence of even slight lesions of tliis type influences markedly the results of comple- 
ment-fixation tests. 


Technique of the test and reading of the results. • 

We have elsewhere described in detail our method of using W. K. Iv. antigen 
‘ in complement-fixation in leprosy (Greval et al, 1939.) Our technique differs 
markedly from the technique described by Witebsky, Klingenstein and Kuhn, 
which involves the use of seven dilutions of serum for the test proper. _ In_ pur 
method the test proper is done in one tube. In spite of its greater simplicity, 
the sensitivity of our test is at least equal to that of the test described by 
Witebsky, lilingensteiu and Kuhn. A parallel series of tests of 50 sera by both 
techniques gave practically identical results. Since we are using only one tube 
instead of seven, the readings of the two techniques are not strictly comparable. 
We have recorded our results in one tube as follows : — 


Inhibition complete, no h.-emolysis 
Inhibition almost complete, traces of 
hemolysis. 

Inhibition partial, h.-cmolysis 
No inhibition, completo hajmolysis 


. . -p corresponding to -f -f + in original test. 

. . T „ » + + „ „ „ 


-P 


Results op the test. 

The results of the test in 250 cases of leprosy, the cases being divided into three 
groups according to the results of the clinical and bacteriological examination, are 
given in Table I ; — 

Table I. 


Results of test in cases of lejirosy. 


Inhibition of 
hamolysis. 

-P 

Per 

cent. 

T 

1 

Per 

cent. 

± 

Per 

cent. 

— 

Per 

cent. 

1 Total 
cases. 

Lepromatous type — 








i 

i 

(Bact. Exam -p ) 

08 

i 83-77 

8 

6-84 

9 

7-69 

o 

' 1 

1-7 

117 

Neural type — 

i 






j 1 



(Bact. Exam -p) 

7 

63-63 

3 1 

27-28 1 

1 



0-0 

11 

(Bact. Exam — ) 

5 

4-09 

s 

6-56 

17 

13-95 

92 

75-40 

j 122 

Total neural type 

12 

9-0 

11 

8-2S 

IS 

13-55 

92 

69-2 i 

133 


-p Complete, T Almost complete, ri: Partial, — None, 

J, MR 16 
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Results m other diseases. 

patient “wch ™ different groups of „„u,,epr„„s 

“d -idenoe of syphilis (W. E. 

® “f s'^S,°'''“ diseases, shomugno evidence 

acid-fast ba’iHluTt! S'l^utum. the lungs but with no- 

(1) d’‘*J^“J?^snffernig from leishmaniasis, either hala-azar or dermal leish- 


T.VBLE II. 

R^ts of test in other diseases. 


Inhibition of 
haamolysia. 

; + 

1 

Per ^ 

cent. 1 ^ 

1 

Per 

cent. 

j 

j ± 

1 

Per 

cent. 

1 - 

1 Per 
cent. 

Total 

cases. 

W.R. + 

Skin (W.R.) — 

1 

I ^ 

2-17 1 2 

1 

4-34 

6 

13-04 

37 

80-45 

46 

disease. 

1 ^ 

- , » 1 

i 

' ® i 

i 

<*3 


1 43 

Tuberculosis . . j 

* 0 


1 




'100 1 


Leishmaniasis 

18 

90-00 i 0 

• • 

3 

100 

0 

•• 

3 

1 

- 1 

L 

■* 

j 

1 

0 

1 

2 1 

10-00 

20 


See notes under Table I. 


Discussion op results in cases op leprosy. 


of the lepromatous*’ type showbo-^pLtkl^or^rr^'^l^f percentage of cases 

117 cases only 2, i.e., 1-7 per cent qhmpoi inhibition of haemolysis. Of 

showed complete or ahnost comnlete i-e., 90-6 per cent, 

results reported by other workers Wb’I ^ is in accordance with the 

in practically all lepromatous-tvpe ^ome inhibition of haemolysis is recorded 

tion showing complete inhibition is hipEPcf ® ^feiestmg to observe that the propor- 

in the slight cases, the moderate e-H: cent) in the severe cases, lowest 

Table III. moaerate cases commg in between. This is shown in 

It is interesting to observe thnt 

‘ lepromatous type- usually show inhihi'f' cases with very slight lesions of 

not always complete. This fact f®st, although this is 

leprosy ivill influence the results re Proper classiflcation of cases of 

m neural leprosy as is stated bcln-nr i fypes of leprosy, for 

below the results of the test are usuaUj negative. 
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Taulk III. 


of complement-fwalion le.'tt in 117 ‘ L' ca-xc-'i sub-cla.ssijied according to 
cjriciil and xcnritg of Icaioiix. 



L- 

1 (SI.KSIIT) 17 

CASl^lS. ( 

I--2 

(.MOllKR.VTi;) G2 

CAst:.s. 

I,;! 

(sKVEiu;) 

38 c.\SKS. 

Inhibition 



— 








of 






1 





luomoly.''irf. 

■r 

1 

1 

* 1 

+ 

T ± 

i 

+ 


T 


Xumher o f 

8 

2 ’ G 

' ! 

1 

1 0 3 

1 

38 

1 

0 

0 1 0 

ca«e3. 


1 

1 

1 

I- 

I 

t 




Perccnt.igc 

■17-C 

1 11-8 

i 1 .')-n 

! 

! 83-4 

1 10-2 48 

1 

1-0 

100-0 


0 

0 ■> 




Sea notes 

mulcr Tiible I. 







The next strilcin" thing is the relatively low percentage of positive findings 
in cases of neural leprosy in which no bacilli have been found. Table I shows that 
of such cases only 2‘1'6 per cent showed inhibition of haemolysis and of these more 
than half sliowed incomplete inhibition. The results obtained, however, in cases of 
neural leprosy in which bacteriological examination liad revealed bacilli, usually few 
in number, are very different. Of 1 1 such cases all showed inhibition of haamolysis, 
and in ten of the eleven, the htemolysis was complete or almost complete. 

These findings are not in agreement with some of the reported findings of other 
workers. Bier and Arnold having reported 57 per cent positive. Bier 70 per cent, and 
Pereira 80 per cent in cases of neural type. 

In general we may say that the results of the complement-fixation test in 
leprosy go parallel with the results of ordinary bacteriological examination of 
smears taken from the skin and mucous membrane. Tliis is shown in Table IV in 
which the cases are classified, not according to the type of leprosy, but according 
to the results of bacteriological examination. 

These results indicate that the W. K. K. complement-fixation test is of little 
value in diagnosis, for fixation of complement is seen as a rule only in cases in which 
clinical diagnosis presents no difficulty, and in which ordinary bacteriological 
examination reveals bacilli. 

Prom the point of view of prognosis it is interesting to compare the results of 
the W. K. K. complement-fixation test with the results of the leprolin test. The 
leprolin test gives a positive result in cases of the mild neural type even when bacilli 
are found, and a negative result in cases of the severer lepromatous type, and hence 
the leprolin test is of value in classification and prognosis. The complement-fixa- 
tion test, however, does not differentiate between the cases of lepromatous type 
with a bad prognosis, and the cases of neural type in which a few bacilli are found 
in smears, but in which the prognosis is usually good. Therefore, the. complement- 
fixation test appears to be of little value even in prognosis. 
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Table IV. 

Results of com2Jlemenl-fixation test in 250 cases of all types classified according to 

results of bacteriological examination. 


Inhibition 

of 

htemolysis. 

JIany bacilli 

rOOUD SI CASES. 

Modeuati: xujiuck 
or BACILLI rOOND 

30 CASL'3. 

Pew bacilli fouxd 

17 CASES. 

No bacilli focxd 
122 CASES. 

+ ' 


i 

1 

+ 

T 

± 



-f 

m 

± 

1 

1 

1 

-b 

1 

± j 

1 


Number 
of cases. 

74 

4 j 

2 

1 

1 

27 

0 

3 


0 

5 

G 

5 

1 

5 

f 

8 


92 

Percentage 

91-4 

1 

4-0 

■2-5 

i 

B 

90-0 ' 

0 

I 100 


0 

29-4 

35-3 

29-4 

5-9 

4-1 

6-6 

1 13'3* 

7o4 


See notes under Table I. 


It might, however, be interesting to study whether, when a bacteriologically 
positive case becomes bacteriologically negative, the power of the serum to fix 
complement disappears or not. If so the test might be of value in judging whether 
the disease is arrested or not. 


Discussion of results in other diseases. 

The three diseases other than leprosy in which the test has given positive results 
are syphilis, tuberculosis, and leishmaniasis. Tests of 46 cases of syphihs with a 
positive Wassermann test, showed inhibition of haemolysis in 20 per cent, but in only 
one case was this complete. 

Only three cases of tuberculosis were tested, with partial inhibition of haemo- 
lysis in all three. These were all cases in which no bacilli have been found m 6 
sputum. 

An interesting finding is the relatively high percentage of positive findings in 
cases of leishmaniasis. This is in accordance with the report of Bier who loun 
70 per cent of positive results in such cases. Of 17 cases of kala-azar (all aldeuY n 
positive) all showed complete inhibition of haemolysis. Of 3 cases of deima 
leishmaniasis one showed complete inhibition. 

These results indicate that the test is not specific for leprosy, that positive 
results can be obtained in syphilis, tuberculosis, and leishmaniasis, that a negativ 
result may be obtained in leprosy, and in fact is usually obtained in the milder neura 
form of the disease. 

Summary and conclusions. 

1. The literature of complement-fixation is briefly reviewed with special 
reference to the use of the "W. K. K. antigen. 
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2. The results of the test iu 250 cases of leprosy, 4G cases of syphilis, 20 cases 
of leishmaniasis, 3 cases of tuberculosis of the lungs, and 43 cases of other diseases 
are given. 

3. Of 117 cases of leprosy of the lepromatous type, 98-3 per cent showed 
inhibition of limmolysis, 83-77 per cent showing complete inhibition. 

4. Of 133 cases of neural leprosy, only 41 {31 per cent) showed some inhibition 
of luemolysis, only 12 of these showing complete inhibition. These 133 neural cases 
included 11 bacteriologically positive cases of whom all showed some fixation of 
complement, complete in 7 cases. 

5. The results of the test in cases of leprosy are found to correspond very 
closely to the results of examination of the skin for M. lepra>. Of cases in which 
bacilli were found, nearly all showed some inhibition of hiemolysis in the test. 

6. The test is considered to be of little value in diagnosis or prognosis, for 
inhibition of hsemolysis is found only in cases in which diagnosis is easy, and the 
test fails to differentiate between the neural cases showing bacilli in smears which 
often have a good prognosis, from the lepromatous cases which have a bad 
prognosis. 

7. Of 46 cases of syphilis with a positive Wassermann test, 20 per cent showed 
inhibition of hsemolysis, usually incomplete. Of three cases of tuberculosis of the 
lungs all showed partial inhibition of hsemolysis. Of 20 cases of leishmaniasis, 18 
showed complete inhibition of htemolysis. All 43 cases of other diseases gave 
negative results. 

8. The test is, therefore, not specific for leprosy, since in other diseases, chiefly 
leishmaniasis, positive results can be obtained, and since in leprosy of the mild neural 
type negative results are usually obtained. 
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I. The technique. 

1. The reagents. 

(i) The haimolytic system . — This was prepared in accordance with the require- 
ments of method No. IV of the Medical Research Committee’s (1918) report on the 
Wassermann test with the exception that the r. b. c. suspension was standardized 
by a method described by Greval et al. (1930). The M. H. D. of the complement 
determined for the purposes of the Wassermann reaction, without the antigen, was 
also used in this technique. 

(ii) The antigen.— A small volume of W. K. K; antigen (0-3 c.c.) was evaporated 
and made into a uniform suspension with two volumes of saline (0-6 c.c.). This 


♦The antigen was purchased from the Belrriiig Institute, Germany. It is easentiallv a solution 
of human tubercle bacillus in benzol, after extraction with alcohol, pyridin, and acetone. 
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was tlie starting point as recommended by the makers of the antigen, from this 
suspension Avere prepared dilutions of 1 in 10, i-in 15, and 1 in 20, and tested for anti- 
complementary activity with 1 hi. H. D. of complement, thus 



1. 

o 

3. 

Antigen dilution, 1 vol. 
of : — 

1 in 10 

1 in 15 

1 in 20 

Complement dilution 
containing 1 M.H.D., 
in a volume : — 

1 vol. 

1 vol. 

i 

1 vol. 

Saline . . . . 

1 vol. 

1 vol. 

1 vol. 


Left at room temperature -t hour and 
at 1 hour. 

Suspension of sensitized 
r. b. 0 . 

1 vol. 

I vol. 

1 vol. 


Left at 37°C. for i hour. 


The volume employed was 0'25 c.c. 

The strongest dilution of the antigen permitting a complete lysis ot_r. b. c. was 
taken as the dose for the test. The strength varied, from 1 in 10 to 1 m 20, with 
the samples of the preparation used. The titration can be prolonged in the same 
arithmetical series (lin 25, 1 in 30, ) if necessary. 


The titration for the anti-complementary activity of the antigen dilution was 
not repeated in full every time the test Avas put up. A tube containing one dose o 
the antigen dilution Avas put up Avith 1 M. H. D. of the complement and included 
in the rack as the antigen control. 


2. The serum for the test. 

This was inactivated at 55°C. for 30 minutes and diluted 1 in 5, as is done in 
Wassermann reaction according to the aforesaid method of the Medical Eesearcu 
Committee (now Council). 
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3. The lest. 

(?) An ensemble : — 



1. 

Scrum control. 

2 

Test proper. 

Sermn dilution 

1 vol. 

1 vol. 

Antigen dilution 

AU'l 

1 vol. 

Saline 

1 vol. 

Nil. 

Complement dilution, 
containing 2 1C. H, D. 
in a volume. 

1 voL " 

i 

i 

1 vol. 


Left at room temperature 

V hour and at 37°C. J hour. 

(Suspension of sensitized 

r. b. c. 

1 vol. 

1 vol. 


Left at for i hour. 


The volume employed was 0-25 c.c. 

{ii) Reading of results . — The antigen control and the serum control being free 
fi:om inhibition of lysis, the inhibition in the other tube was read as follows : — 

Complete inhibition of lysis . . , . = -j- positive. 

A trace of lysis . . . . • ■ ~ T 1 , 

More than a trace of lysis . , . ■ == ± f 

Lysis almost complete, only turbidity present, no 
coloured deposit, no difference in colour between 
this tube and the next , . . . = ? — 1 

Lysis complete , . . . . . = — j ^®o3,tive. 


II. Remabks on the technique. 

I. Special features. 

In devising this technique we have talcen into consideration {i) availability of 
an antigen of a constant potency, (ii) superiority of methods of complement-fixation 
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Table II. 
25 controls. 


Classification according to diseases. 

Number 
of cases. 

Results according 
to Witebsky, 
Klingenstein 
and Kuhn’s 
technique. 

Results 

according to our 
technique. 

From the Skin Depart.ment, Scuooi, 

OK Tropical Medicine. 

Seborrhcea 

2 



Leukoderma 

2 

— 

— 

Psoriasis 

2 

— 

— 

Tinea cruris 

1 

— 

— 

Pustular folliculitis 

1 

— 

— 

Syphilis 

1 

— 

— 

Lupus vulgaris 

3 

— 

— 

Froji the Imperial Serologist’s 

LADORATORY. 

Strongly positive W. R. 

0 

• 


Strongly positive W. R. 

1 


± 

Negative W. R. 

3 

— 


Total 

25 


•• 


The results are identical. 

Eeferences to the previous work on the subject by other workers; 
summarizing 250 cases tested by our method so far ; and additional remarks on the 
sensitiveness, specificity, and utility of the reaction in relation to the clinical an 
bacteriological findings of the cases, will be found elsewhere in this issue or 
Journal (Lowe and Greval, 1939). 


Summary. 

1. A technique of complement-fixation for leprosy has been devised usni" 
the^hremolytic system of the method No. IV of the report of the (British) Mecuca 
Researcli Committee (now Council) on the Wassermann test^ and W. R* '■* 
antigen. 



S. D. S. Grccal, J, Lowe ami R. Bose. 


840 


2. The sensitiveness of the reaction in Icproinatoiis ty])e of the disease is of a 
very high order. Like a strongly positive Wassennann reaction of secondary 
syphilis, a positive reaction is not likely to be missed. The sensitiveness in neural 
leprosy is low. 

3. The specificity of the reaction is not of a very Idgh order. Kala-azar 
gives a positive reaction. Doubtful reactions have sometimes been obtained in 
malaria, syphilis, dermal leishmaniasis, and tuberculosis. A W. IL positive case 
has also given a -f reaction. 

4. The utility of the reaction is considerable in the diagnosis of the leproma- 
tous type of the disease, but little in the diagnosis of the neural type. It may help 
in evaluating arrest of the disease in previously positive cases. 

5. The procedure involved in putting up the test is brief and the reagents used 
standardized. A quantitative reading can be easily obtained. 
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PosUcript . — 

As a result of further work with the W. K. K. antigen, after this communication was sent for 
publication, it has been found that tbo reaction in kala-azar is even stronger than the reaction in 
the lepromatous type of leprosy. One in 200 dilutions of many sera have given a -f reaction. 
Four sera from suspected cases giving a doubtful or negative reaction with formaldehyde have given 
a strong reaction with the antigen. These cases, later, have been proved to be positive by sternum, 
liver, or spleen puncture, 

A -j- reaction has also been obtained in cases of tuberculosis but mostly in a dilution of 1 in 5 
of the sera. Out of 25 sera only 1 gave the reaction in 1 in 60, 1 in 1 in 12'5, and 7 in 1 in 6. 
Eight gave a ± reaction in 1 in 5. Eight were negative. — S. D. S. G. el el. (7th December, 1938). ' 
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Experiexce in the isolation of vibrios from water and other sources during 
the past tliree years by the use of alkaline peptone-water enrichment followed by 
plating on Aronson’s medium has shown that, while the solid medium suppresses 
the growth of non-vibrio types with the exception ot certain streptococci, the 
enrichment medium allows the growth of many types prejudicial to the growth of 
the vibrio. The degree to which this takes place depends on the extent to u'hich 
the initial alkalinity is maintained in the process of growth. 

A further disadvantage when these methods are employed for the isolation of 
Y . cJiolerce is that, even where the reaction is maintained sufficiently alkaline to 
reduce the growth of coliforni and other organisms, all vibrio types are facilitated 
and the presence of certain inagglutinable vibrio types in strong peptone solution 
may rapidly reduce the number of F. cholcrai in an inoculum to a point at 
which isolation is difficult or impossible. A description is given in this paper of 
methods that have been employed in an attempt to deal with these difficulties. 


Maintenance of reaction of the enrichment medium. 

U se of stoppered bottles. — It has been found that in 1 per cent peptone and 
1 per cent NaCl the range of hydrogen-ion concentration at which maximum 
multiplication of F. cholerce in pure culture can occur is from 6-0 to 9-0 and that 
good multiplication can be secured at a pH in excess of 9 A. It was decided 
that a pH of 9-2 was most suitable for the differentiation of F. cholerce from 
coliforni organisms. This pH cannot be maintained in open flasks and tubes 
omng to absorption of carbon dioxide from the air. Even when a medium of 
this pH is inoculated with F. cholerce alone in stoppered bottles the pH drops 
to 8-2 to 8-6 within 24 hours. When a carbohydrate is added to the peptone 
the reduction of pH is of course accentuated. The use of stoppered bottles, 
iwvever, eliminates the spontaneous reduction of pH which the medium undergoes 
in tubes or flasks and may, therefore, be considered a useful procedure. 

J. MB ( 851 ) 
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Buffer solutions . — Neither the addition of alkaline sodium phosphate nor 
glycocoll-NaOH mixtures is effective in a medium containing carbohydrate in 
maintaining a pH in excess of 6*8 after 2-i hours inoculation of a heavy inoculum 
especially when coJifonn organisms are present. 

Supplementary addition of alhili. — Ji most useful procedure, especially when 
attempting to isolate from small inocula. is the addition at intervals of small quan- 
tities of alkali to restore the pH. Vibrio multiplication decreases directly with the 
increased growth of the colifonn types that occur with lowering of pH. In the 
early stages of incubation, therefore, they will multiply relatively rapidly and if 
the alkaline reaction is restored after, say, 3 to 5 hours incubation, the surviving 
coliform organisms will have a larger number of vibrio types to compete with than 
existed at the moment of inoculation. 


Value op pekhientable cakbohyueate in uipfeeentiatiox 

BETWEEN VIBEIO TYPES. 

The work of Stephens and Whetham (1924) showed that the growth of 
Bact. coli during the first hours of multiplication in a glucose-containing synthetic 
medium was largely dependent on utiliijation of glucose. Dr. A. N. Goyle of tins 
Institute in an unpublished experiment showed that the agglutinable vibrio could 
be isolated in almost pure form from an inoculum containing that vibrio and a 
non-mannose-fermenting vibrio, when mannose was added to simple peptone water 
and other media. 

It was decided, therefore, to add mannose to the enrichment medium, as it has 
been shown that by using normal media half or more of the vibrios naturally found 
in water fail to ferment this sugar. 


Expeeimental kesults. 

The results of the use of media for dift’erential isolation in which the principles 
employed were : (a) the maintenance of allcalinity for the suppression of the grow 
of coliform organisms and (b) the use of mamiose for facilitating the growtli 
vibrios fermenting this sugar, are shown in the tables. In Table I a repetition o 
Goyle’s experiment done in buffered peptone water containing mannose shows tlia 
the agglutinable vibrio can be isolated from a combined inoculum of thatyiiiri 
and mannose-non-fermenting vibrios in a proportion of 1 /10,000 as a pure ot 
pure culture after 24 hours incubation. On the other hand, as shown in Tabie , 
when the inoculum along with the agglutinable vibrios was an inagglutnia 
mannose-fermenting vibrio, the latter almost completely outgrew the ‘ 
Tables III and IV show the results of the use of peptone water containing |g 
and buffered by sodium phosphate or glycocoll with vai3dng doses of an agglutma 
vibrio, a mannose-non-fermenting vibrio and coliferrm organisms. With a moclera 
inoculum of agglutinable vibrio and heavy opposing inocula of the other 
it was not possible to isolate with certainty from inocula containing Bact. co i 
in no case from inocula containing Bact. wrogenes. With a lower 
agglutinable vibrio but with a smaller opposing inoculum isolation could 1^® 
though not with certainty in the case of Bact. cerogenes. Table V shows the res 
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of simUar experiments repeated using a fresh stool inoculuniiii place of coliform 
organisms together with repeated re-adjustment of the reaction. Isolation could 
not be effected under severe conditions. 

It was obvious from these results that under conditions likely to exist in the 
field the use of these methods could not be expected to yield satisfactory isolation 
from natural waters and stools of carriers, where small concentrations of F. cltolera; 
together with heavy opposing inocula might be expected. 

A new line of approach was developed, the basis of the study being the bismuth- 
sulphite enrichment medium of Wilson and Blair (1931), which was modified in the 
first instance by the omission of brilliant green, increase of pH to 9-2, substitution 
of mannose for mannite in 1 per cent concentration, and replacement of broth by 
peptone water. 

The results with this medium have been included for comparison with those 
of buffered peptone in Tables III, IV, and V and it will be seen that greatly improved 
results are obtained with inoculum containing Bact. wrogencs and stool suspensions. 
The maintenance of reaction was also remarkable with the medium. 

It soon, however, became evident that, while isolation from mixtures containing 
the agglutinable \dbriQ and other organisms, when F. cliolem alone or with a very 
small opposing inocuhun was employed, the vibrio could only be isolated with 
difficulty and never from a small inoculum in the region of 14 organisms per c.c. 
of the medium employed. If the pH was relaxed to 7 then isolation was possible, 
but this destroyed the full differential character of the medium. Table VI shows 
that this method was satisfactory using a small inoculum and without any addition 
of alkali subsequent to inoculation against from 2-5 c.c. to 0‘05 c.c. of stool. 
When the stool inoculum was 0'005 c.c. or lower no isolation was effected, while 
autoclaving the stool also prevented isolation. 

As this was obviously a very undesirable state of affairs attempts were made 
to modify the medium with a mew to removing this inhibitory effect on the growth 
of F. clwlercB. 


Table V3I shows the effect of doubling the concentration of liq. bismuthi. It 
was found that isolation could be effected from 5-0 c.c. of stool with a small inoculum 
but the inhibitory effect in the presence of small stool inocula remained. 

Table VIII shows the effect of liq. bismuthi of triple strength. In this case, in 
seven experiments in which the vibrio was inoculated in pure culture, the vibrio was 
mcoyered on three occasions only, but the plates even then showed that a marked 
inhibition of growth was still present. 

Table IX shows the effect of still further increasing the strength of the lio 
bismuthi. o o i 


Further attempts at modification consisted in the omission of alcohol, mercury 
perchloride, reduction of the concentration of sodium sulphite and mannose It 
was ioimd that reduction of the sodium sulphite to 1/lOth, omission of the alcohol 
and reduction of the mannose to 0-5 per cent all assisted in the chances of the 
vibrio siwivmg in the absence of stool. The isolation from feces, however was 
less satisfactory and details of these experiments are not given. 
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The next attempt was to substitute for tlie sodium chloride of the original 
formula a combined mixture of salts in the following proportion : l^aCl 27 parts, 
KCl 1 part, MgCIoGHaO 3 parts, MgS 047 H 20 1-75 parts, which is roughly the 
proportion in rvhich these salts occur in sea-water. A total concentration of salts 
of 2 per cent was adopted. With this mixture isolation was effected from as low 
as 0T4 organisms per c.c. of media inoculated against 5 c.c of stool, while in the 
presence of 4,750 non-mannose-fernienting vibrios per c.c. of medium isolation was 
effected from 1 -4 agglutinable vibrio per c.c. of medium and 5 c.c. of stool : and in 
the presence of 48 mannose-fermenting vibrios per c.c. of medium containing 5 c.c. 
of stool from 14 agglutinable vibrios per c.c. of medium. The maintenance of 
allvalinity was also better than in any other mixture.* 


A few experiments are given in Table XI showing results from artificially 
infected natural waters. The first four experiments were done in mannose- 
phosphate-peptone with no attempt at concentrating the organisms in the water, 
With the exception of the Kasauli spring water these waters contained inagglutin- 
able vibrios and a large colifcyrm count. The results were disappointing. Using the 
bismuth-sulphite original modification and passing one litre of water through a Seitz 
filter and inoculating the disc better results were obtained, especially when 2 per 
cent NaCl were added to the water and the reaction raised to 9*2 immediately 
after inoculation. Under the supposition that the vibrio might be dying off from 
lack of nutritive pabulum in the rvater (the average Tidy figure of the water in the 
Kasauli and surrounding districts being much lower than that in the endemic areas 
of Bengal, the examination of whose waters this study wms designed to facilitate) 
experiments were instituted by inoculating an artificial water consisting of 1/50,000 
peptone solution and 1 per cent sea-salt mixture, wdricli has a Tidy figure rather below 
the average of Bengal waters. The technique was also simplified by the use ot 
concentration on filter-papers impregnated with Kieselgubr. From 1 to 5 hours 
were required to pass 3 to 15 litres through 6-inch funnels fitted with the impregnated 
filter-paper during which time it may be supposed that some multiplication was 
taking place in the inoculated solution but at the low temperature existing in Kasaun 
during the winter months (about 50°F. on the bencli) this might be considered neg- 
ligible. The exact technique is given later. The results of this method are shown 
in Table XII. It appears that under these conditions very little loss of organisms 
occurs and vibrios can be recovered from a very high dilution. 


Conclusion. 

The results given above show that the final formula for a differential isolation 
medium adopted is likely to be adequate to all needs with the important exception 
that the growth of mannose-fermenting vibrios of all types rvill be facilitated an 
it is not, therefore, certain that F. cliolerm, if present, will not be outgrown by m 
inagglutinable vibrios present w^hich ferment this sugar. Moreover, a preliminary 
field trial of the original modification of the bismuth-sulphite medium showed tiia 


♦Later work has shown that NaCl in a concentration of 2 per cent can be .qubsUtiited 
above mixture of salts withont greatly interfering with the results. At the 
experimental work has shoNs-n the enhanced value of the salt mixture under siigatiy a 
conditions. 
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using this method the percentage of Calcutta water samples from which mannose- 
fermenting inagdlutinable vibrios were isolated was raised to 72 per cent. The full 
value of the method and the importance of this defect can only be elucidated by an 
extension of a field trial, which has already shown promising results. 

Clearly what is required is a carbohydrate specifically fermented by F. cliglercc. 


Technique op diffekentiai, isol.\.tion. 

The following is the method finally selected for differential isolation 

Bismuth-sulphite media.— Tihy c.c. screw-capped medical bottles were employed 
except for the inoculation ot Reitz discs and filter-paper when 100 c.c. wide-mouthed 
glass-stoppered flasks were substituted. Ail ingredients were made up in separate 
solutions and kept in stoppered bottles. Two per cent peptone solution and 
distilled water were the only solutions that were sterilized. Salt mixtures remain 
sterile without sterilization, at any rate sufficiently so for purposes of this 
media. JIannose was made up in 10 per cent solution for the needs of the day 
and boiled. Sodium sulphite was made in 20 per cent solution and slightly 
warmed to dissolve only. The media are thus very easily prepared and form 


fresh solutions. 

The formula of the final modification was : — 

c.c. 

Peptone, 2 per cent . . . . . . . . 8-8 

Sea-salt mixture . . . . . . . . 1 '2 

Aq. dest. or stool emulsion . . . . . . lO'O 

Mannose, 10 per cent . . . . . . TO 

Liq. bismuth! . . . . . . . . 0'12 

Sodium sulphite, 2 per cent . . . . . . 1-2 

Absolute alcohol . . . . . . . . 0’2 

Mercury perchloride, 1 /10,000 . . . . . . 0-8 

The formula of the sea-salt mixture was : — 

Parts. 

NaCl . . . . . . . . . . 27 

KCl .. .. .. 1 

MgCloOHoO . . . . . . . . 3 

MgS047H20 .. .. .. 1-75 

Aq. dest. . . . . . . . . . . 100 


Liq. bismuth! was prepared as indicated by lYilson and Blair {he. cit.). 

The stool emulsion was prepared by measuring out the required volume of 
stool in the barrel of a Roux syringe and mixing with an equal quantity of 
normal saline and filtering through a single layer of lint. This mixture could 
rnen be diluted as required so that the volume added to the media bottle was 
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Aronson’s medivim was made np to the standard formula except that 5/6t}i 
the normal quantity of NaoCOa was added. The alkali was weighed out on a 
chemical balance to the nearest milligram. Plates were stored in complete dark- 
ness in the cold room. 

Agar plates were also employed in each experiment as it was found that where 
very few vibrio colonies were present, they could be picked off with greater ease 
from the agar plates than from the Aronson’s medium. With the formula finally 
adjusted the differential action of Aronson’s medium was not really required, but 
the latter medium is very useful in the field as it maintains sterility as long 
as the medium is fit for use. 


Adjustment of reaction. 

To test-tubes 3 inches X 0‘3 inch containing 1‘5 c.c. of aq. dest. and 0‘2 c.c. of 
0-04 per cent thymol-blue solution was added Od c.c. of the medium. N/1 NaOH 
was then added to the medium until on the transfer of O'l c.c. to the reaction tube 
prepared as above the first true blue colour appeared. This gives a pH somewhere 
in excess of 9-2. A useful check for inexperienced w'orkers was found to be by 
adding one drop of allvali to the reaction tube after the addition of the media. If 
the colour reached by the medium is well short of the full blue colour of the 
indicator produced by the additional drop of alkali, then the reaction is correct. 
Bottles were then incubated at 37°C. and in most cases brought back to the 
initial reaction after 3 to 5 hours. The latter procedure was of considerable 
value and should not be omitted. It is extremely difficult or impossible to work 
with this indicator by ordinary artificial fight. 


Inoculum. 

A standard vibrio was used throughout TMCH 1800/1 isolated in Calcutta 
in 1937 from a typical case of cholera. The vibrio conformed in all respects to the 
Inaba type, group I of Gardner and Venlratraman (1935). Occasional experiments 
were done with recently isolated vibrios, which as a rule show greater growt 
activity than laboratory maintained cultm’es. The mannose-fermenting iuaggmtm- 
able vibrio usually employed for comparative test was W9E, a Punjab water stram, 
Heiberg type II sugar reactions, cholera-red and Indol reactions positive, and an 
active grower. 

The Bact. coli and Bact. cerogenes cultures were old stock cultures from the stock . 
of the Institute, the latter being an especially active grower. 

Twenty-four hours broth cultures or agar washings standardized to No. 3 
Brown’s opacity tube diluted in normal saline were used as inocula. 


Concentration of organisms from water. 

Where Seitz filters were employed water was run through by gravity through 
the pressure type filters using about six feet head of pressure. 
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Where Kieselguhr filtration was employed the method was similar to that used 
by Asheshov (1933) except that ordinary open-glass funnels were employed there 
being no necessity to maintain sterility. Three hundred c.c. of 0-5 per cent 
Kieselguhr were run through a 6-iuch filter-paper. The water was held in large 
•i-litre flasks closed with a rubber cork containing a moderate-sized glass tube. 
These were inverted in the funnel in such a manner that the outer end of the tube 
just reached below the surface of the fluid in the funnel. Filtration then 
proceeded automatically until the flask was emptied. About 15 litres could be 
passed through two filter-papers in 5 to G hours. The filter-papers were then 
folded and placed in CO c.c. or so of the bismuth-sulphite enrichment medium and 
incubated overnight. 

Summary. 

1. Various methods are described and investigated with a view to the 
differential isolation of V. cholerai from mixtures of cultures, stools, and natural 
and artificial waters inoculated with V. cholerai. 

2. A modification of the bismuth-sulphite enrichment medium of Wilson and 
Blair (Zoc. cil.) was the best and enabled the vibrio to be isolated from an inoculum 
that would only just grow in ordinary broth. 

3. By the use of this medium mannose-feimcnting vibrios can be success- 
fully differentiated from non-manuose-fermenting vibrios and from coliform types. 
Other common water and stool organisms except streptococci are suppressed but 
no method of facilitating V. cliolerce as against mannose-fermenting inagglutinable 
vibrios was discovered. The value of the method will depend on whether the 
mannose-fermenting vibrios found in natural sources can outgrow V. cliolerce or 
not. The difficulty due to the growth of total organisms when ordinary peptone- 
water enrichment is employed is overcome. 
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Differential Isolalio7i of V. cliolene. 


Table I. 


Growth of mannose-fennenling and mamwse-non-fermenling vibrios in Mannose- 

Fhosphate-Peptone. 


Experiment , 
number. 1 

Medium. 

Initial 

pH. 

1 

Mannosc- 

fermenting 

vibrios. 

i 

Mannose-non- 

fermenting 

vibrios. 

Isolation at 

5 hours. 

Isolation at 

24 hours. 

87 

a. 

- 

9-0 

Ogaw a 

1 

Rangoon 
‘ rough 

Rangoon 
‘ rough 100 
])er cent. 

Ogava, vast 
majority. 

87 


9-0 

Lahoie 1 

TxMC'H G30/3T 

TMCH 630/3 T, 1 
100 per cent. 

Lahore 1, 
100 per cent. 

87 


9-0 

1 

W 880 

1612 

! 1612, 100 per 
cent. 

1 W 880, 

100 per cent. 

87 

i 


0*0 j 

t 

TMCH 319 
GI. 

TJICH 324/7 

TMCH 324/7, 
100 per cent, j 

TMCH 319 GI, 
99 per cent. 

87 j 

»> 

9'0 ‘ 

Inaba 

.)S4 Karachi 

oS4 Karachi, 

100 per cent. , 

i 

Inaba, 

99 per cent. 


For description of above organisms see Taylor, Read and Pandit (1937). 

TMCH 319 GI was a recently isolated agglutinable vibrio from a Calcutta case. ^ 

584 Karachi vas a vibrio isolated from a case of cholera in Karachi in 1931, showing Hei eio 
type II sugar reactions. 

MPP — Mannose-Phosphate-Peptone water (mannose 1 per cent, NajHPOi 1 ' 

NaCl 0‘5 per cent, peptone 1 per cent in aq. dest., pH 9'0, 24 c.c. in screw-capped bottles). 

N.B . — In each case the inoculum of mannose-non-fermenting organisms was 10,000 as strong 
that of the mannose-fermenting organisms. 


Table II. 


Groioih of mannose-fermenting vibrios of different types in Mannose- 

Phosphate-Peptone. 


Experiment 

number. 

I 

Medium. 

Initial pH. 

Inoculum of 
inagglutinable 
maimose- 
fermenting 
vibrios. 

Inoculum of 
agglutinable 
vibrios. 

Isolations at 

24 hours. 

116 

MFP 

1 

9'2 

CTM 5780 

TMCH 1800/1 

CTM 5780, majority 
TMCH 1800/1, 
a few. 

123 

i 

1 )» 

1 

9-2 

Lahore 1 

y> 

Lahore 1. 

100 per cent. 


Abbreviations and notes as in Table I. . 

N.B . — In each case the inoculum of both organisms was approximately egim*- 
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TABtE III. 


Isokltons from mixtures containing Bacfc. roli (typical experiments only quoted). 


Medium. 


Mannose, 1 per cent 
NajHPO,, 1 per cent 
UfaCl, 5 per cent 
Peptone, 1 per cent 
pH 9-2 

2'! c.c. in screw-capped bottles 

(MPP) 


Mannose, 1 per cent 
GlycocoU, 2 per cent 
NaCl, O'o per cent 
Peptone, 1 per cent 
pH 9-2 

26 0 . 0 . in screw-capped bottles 

(MPG) 


Modified bismuth-sulphite medium 
Peptone, 1 per cent 1 

NaCl, 0'5 per cent j- 22 c.c. 
Mannose, 1 per cent j 

Liq. bismuthi, 0-04 c.c. 

Sodium sulphite, 20 per cent, 1-2 c.c. 
Absolute alcohol, 0-2 c.c. 

HgClj, IjlO.OOO, 0-8 c.c. 
pH 9-2 

24-2 c.c. in screw-capped bottles 
(W and B modified) 



u u 
a u 

tD s* fc, 

C> 

c5 a 

8 


^ s 

a 3 

w y S 

^ c: 
o ^ 

S o 

o 

5 w 

S U 

3 S 


^ _ 


§2 

a 

a ^ • S 

o 


« o 

o & 

2 

2 5 o 

S 

iJil 

C ^ 

a. ® 

of 

Reaction 
justed ’ 

)’. chold 
c.c. of 
of vital 

o tc ^ .t; 

S «> . > 

= 5 “.v. 

W .H O O 

12 o 

- 

. a ® 

s 

U 

o 

s 


lO.fi 

j 

i 

0 * 

1 

1,400 1 

.'5(>,000,000 

102,000,000 

A few. 

as 

> 1 

1.400 ! 

.)0, 000.000 

102,000,000 

Nil. 

9.j 

j 

4 

1,400 

.■>0.000,000 

102,000,000 

Several. 

91 

1 

» , 

1,400 

.•>6,000,000 

102,000,000 ^ 

Nil. 

98 

1 

G ‘ 

30 

f 

1,100 

20,000 

90 per cent. 

120 

0 1 

30 j 

1,100 

20,000 

Majority. 

94 

8 

1 

I'l 1 

1 

t 

56,000,000 1 

102,000,000 

mu 

106A 

0 

1 

1,400 

56,000,000 

102,000,000 

Many. 

133 

0 

30 

1,100 

20,000 

99 per cent. 

107A 

0 

3 

1,100 

20,000 

99 per cent. 

108A 

1 

0 

1 

1 

0-03 

1,100 

20,000 

mi. 

- 145 

J 

1 

1 

1 

. 

1 

1,400 

{ 

56,000,000 

102.000,000 

100 per cent. 
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Table IV. 


Isolations from mixtures containing Bact. Ecrogeues {typical €xyertiiiei!(s 

o)ily quoted). 


( 

1 

Medium. 

Experiment 

number. 

Beaction 
of media ] 
adjusted j 
up to 

1 hours. 

1 

' i 

F. cholcrw 
inoculum 

1 per c.c. of 

1 media. 

! Number 
i of vital 1 
! organisms. 

Mannosc-non- 
fermonting 
inagglutinable 
vibrios per c.c. 

of media. 

; Number of 
j vita) 

1 organisms. 

! 

Bact. wTogenes 
per c.c. of 
media. 
Number 
of vital 
organisms.' 

Number of 
Y. chkrcc 
i.solated. 

s 


96 i 

1 j 

1,400 

56,000,000 

102,000,000 

Nil. 

MPP 



A few. 


102 

0 I 

[ 30 

' 1,100 

20,000 

' 

133 

s 

1,400 1 

, 1 

56,000,000 

102,000,000 

Nil. 

MPG 



Nil. 


134 

0 

i 

30 1 

1,100 

20,000 

W and B 

150 

0 

1,400 { 

i 

56,000,000 

' 102,000,000 

j 

Many. 

modified. 



. 


Abbreviations as in Table III. 


Table V. 


Isolations from mixtures containing fceces {typical experiments only)- 


Medium. 


MPP 24 c.c. 


a ® “ 

.5 

■S m a 
rj o S? 
a? 5 05 

2:2^ a 

u f. _ .ra 
<2 ® tS B 

o a g « 

R.s a ® 
sS'sl 

O 

S to . 
w cS o , 

M rj • 

fcH,5 Q O 


56,000,000 

1,100 

1,100 



MPG 26 c.c. 


1,100 

1,100 O’OlO 

1,100 3-2 


Abbreviations as in Table HI. 


TF. D. B. Bead, 


861 


Table V — condd. 



1 


u u 1 



! e 



C3 

t> o 

•« fcPSid 1 


s 


U 

O 

a . ' 

*-3 2 j 

-1 2 

S ^ . 

2 » 
H g J 

- .2 3 


o 


a 

3 2 ' 

•J . 2 1 

o c3 n 

.7) 

>2.2 S 2 



Medium. 


o 

O j 

a.3 a 

If 

i -:3 e3 

O s Si cf 


Q 




i d s o 1 

s d a 0 


, 


d 

n 

o 

K 

Reaction 
justed u 

V. chokt 
c.c. of 
of vital 

1 « 1 

9 =0 ° - 

2 to . 

C cs O 

o o 

C.C. stool 

i 

Number 

isolated 



I5I 

4 

o 

o 



1 .>0,000,000 

3-2 

1 

1 Many. 


' 152 

4 

30 

1 UlOO 

3-2 

100 per cent. 


1 159A» 

1 21 

.30 

1 Xtl 

3-2 

' 100 per cent. 

W and B modified 




1 


Many. 

21-2 c.c. 

1 15GA 

0 

14 

5,600 

3-2 


1 

175t 

72 

14 

iVii 

1 3-2 

^ 2 colonies. 


\ 

157 

0 

1 

11 

5,600 

f :5*2 

1 

A few. 


* Stool and inoculum kept for 10 days in 2 per cent NaCl. 
t Stool and inoculum kept as above for 6 days. 
Abbreviations as in Table III. 


Table VI. 


Isolations from small inocula of V. choleras with varjjwg doses of stool. ' 


Medium. 

Experiment 

number. 

Reaction 
of media 
adjusted 
up to houis. 

V. chohne 
inoculum i 
per c.c. 
of media. 

c.c. stool. 

V, cJiohrw 
isolated. 


320 

2 

14 

5-0 

Nil 


320 

2 

14 1 

2-5 

Nil 


322 ! 

« 1 

14 1 

2-5 

Many. 

W and B modified . . . 

324 

0 ' 

u 

0-03 

Many. 


324 i 

0 

14 1 

j 0-005 

Nil 


339 

j 

0 

14 

i 1-5 

autoclaved 



342 

j 0 

14 

mi. 

Nil* 


* Media at 7'6 pH was positive. 
Abbreviations as in Table III. 
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Table VII. 


Isolations vsinrj double strength liq. hisnnttln. 




} 

, Reaction 

V. cholenc 

1 

1 


Medium. 

Experiment 

j of media 

inoculum 


V. chokrm 


number. 

adjustetl 

per c.c. 

; c.c. stool. 

isolated. 

j 


' up to hours. 

of media. 

j 




32.3 

0 

14 

j 5-0 

1 colony. 

W and B modified 


333 

9 

14 

O'OOOo 

A few in pure 

(Liq. bismuthi, O'OS c.c.) 

i 

337 

0 

14 

0-000,T 

Nil. 



337 

0 

14 

000005 

Nil. 



342 

0 

14 

Nil 

Nil. 


Abbreviations as in Table III. 


Table VIII. 


Isolations using triple strength liq. bismuthi. 



Experiment 

1 Reaction 

F. cholerce 



Medium. 


i of media 

inoculum 

c.c. stool. 

V, chokns 


number. 

adjusted 

per c.c. 

isolated. 



up to hours. 

of media. 





340 

0 

14 

i 

o'O 

Many. 



354 

0 

14 

5*0 

Nil. 



358 

0 

14 

2-5 

Nil. 

W and B modified 1 


359 

0 

14 

l-2o 

Many. 

(Liq. bismuthi, 0'12 c.c.) 



0 

14 

O'OOOOo 

A few in pure 
culture. 



340 

0 

14 

Nil 

A few in pure 






culture. 



360 

0 

14 

Nil 

Nil. 


Abbreviations as in Table III. 


lledium. 


W and B modified 
(Liq. bismuthi, O'ifi c.c.) 

(Liq. bismuthi, 0’20 c.c.) 
(Liq. bismuthi, 0’40 c.c.) 


Table IX. 


Experiment 

Reaction 

V. ckolerm 


of media 

inoculum 

c.c. stool. 

number. 

adjusted 
up to hours. 

per c.c. 
of media. 

360 

0 

14 

1-25 

360 

0 

14 

Nil 

360 

0 

14 

1-25 

360 

0 

14 

Nil 

363 

0 

14 

1-25 

363 

0 

14 

Nil 


F. chokrce 
isolated. 


A fe»’. 
Nil. 

A few. 
Nil. 

Several. 
A few. 


Abbreviations as in Table III. 
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Table X. 

Isolations from bismuth-sidpJiitc medium containing sea-salts. 



i 






C C 





2.2 

o 

C a 

a, 

.S ^ 


2 

3 . 



o 

'c 

X 

L. 

3 

O 

:2 o 

k . 

w).2 

c C 

s > 

fij *u 

S£: 


to di 
2 c. 
broth. 

Agglutinable 

Medium. 

c 

u 

X 

o 

*t3 

o 

N 

"a 

< 

Agglutinable 
culum per c. 

Mannose-ferm 
agglutinable 
c.c. of media 

Non-inannose- 
inagglutinabl 
c.c. of media 

c.c. stool. 

Stool grew 
of from 0 
McKonkoy’s 

vibrio 

isolation. 

t 

371 

3 

14 



1-25 

1 

o 

99 per cent. 


372 

3 

14 



1-25 

lO""^ 

Several. 


373 

3 

14 



2-5 

10~® 

Majority. 


373 

3 

14 



5-0 

10~" 

Many. 


37.) 

3 

14 


-- 

5-0 

o 

1 

100 per cent. 


380 

6 

14 



5*0 

10 ^ 

99 per cent. 


380 

6 

14 


475 

5-0 

O 

1 

Jlajority. 


380 

0 

14 

48 


5-0 

10~® 

A few. 

Peptone, 2 per cent, 8'8 c.c. 
Sea-salts, 2 per cent, 1'2 c.c. 

381 

•1 

14 

48 


5-0 

lO"® 

Several. 

Stool emulsion, 10 c.c. 

Liq. bismuthi, 0'12 c.c. 

Sodium sulphite, 20 per cent. 

380 

6 

14 


• • 

Nil 


Good growth. 

1'2 c.c. 

Mannose, 10 per cent, 1 c.c. 

371 

3 

14 



Nil 

•- 

Good growth. 

Absolute alcohol, 0’2 c.c. 
HgCh, 1/10,000, 0-8 c.c. 

372 

3 

14 


-• 

Nil 


Good growth. 

pH 9-2 

23’3 c.c. in screw-capped 

375 

5 

14 



Nil 


Good grouth. 

bottles. 

375 

5 

1-4 



5-0 

10“^ 

100 per cent. 


376 

3 

1-4 



o'O 

O 

1 

Gi 

Vast majority. 


381 

4 

1-4 


4,750 

5-0 

10~® 

ManJ^ 


375 


1-4 



Nil 


Good growth. 


376 

3 

0-14 


-- 

5-0 

10~® 

Many. 


376 

3 

0-14 



Nil 

. . 

A few. 


381 

4 

0-014* 



5*0 

10~® 

Nil. . 


381 

4 

0-014* 



Nil 

•• 

Nil. 


* Inoculum failed to grow in ordinary broth. 



Ind. Jour. Med. lies., 26, •}, April, 1939. 
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IN THE BACTERIOLOGICAL ANiUl^YSIS 
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The routiue examination of water for indices of pollution usually comprises 
(1) a total count of all organisms growing on agar at ST^C., (2) the enumeration 
and difierentiation of the coliform bacilli present after preliminary enrichment in 
MacConkey’s broth followed by biochemical tests on a few of the organisms isolated 
from sub-cultures on solid media, and (3) a test for the presence of vibrios in 
100 c.c. of the water. 

The work of the past 30 years has tended to show that amongst the organisms 
producing acid and gas in MacConlrey’s bile-sal t-lactose-neutral-red broth, a distinc- 
tion can be made between the typical fsecal B. coli and the B. cerogenes. The latter 
being found predominantly in cultivated soil and on vegetation is usually 
cousidered to be non-fgseal in origin. Further, there are a number of intermediate 
types, and even B. cerogenes has often been found in the intestinal canal (having 
probably gained access thereto through the food) in comparatively small numbers. 
It becomes, therefore, difficult to assess the real significance of the presence of this 
bacterium and of the intermediate types, as indicative of excremental pollution. 
A difierentiation between coli and cerogenes would still appear to be very desirable, 
if only to correlate the finding with the other data obtained from a simultaneous 
chemical analysis and from a topographical examination of the source. Clemesha 
(1908, 1912) who was one of the earliest workers to investigate the viability of 
the coli-cerogenes group found that while B. coli was rapidly destroyed on exposure 
^0 Indian sunlight, B. mrogenes and B. cZoac®. had greater powers of resistance, 
especially the latter. Thresh et al. (1933) agree with Clemesha as, in their experi- 
ence, B. coli which predominated at first usually tended to disappear rapidly, giving 
3, MS { 867 ) ’ 2 
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V. P°TcoSaute?97®qfr“ i'f'- “*'■ (M- K. +, 

r.f +1 constituted 97 9 per cent and B. cewgenes (]\I. E. _ Y P 4 -^ 9 -i npr ppI/ 

was 99^5 iif bX/ne^7i^er IcT- Percentage ratio of coli : cerogenes 

(Te'ngkTs^m found Jo te"o"f:2/-8 

that no due waters). These authors concluded 

rnfuc was oMnahlp f organisms found in water, soil, and 

miiic was obtainable from the grouping based on the M. E. and V. P. tests. 

test wEh'^thiT V application of Koser’s citrate-utilization 

was^^^^^^ ^^"^tary water analysis in the tropics 

in 60 c c and enn^toi p* culties, in that many waters showing lactose fermenters 
have to be +> indole +, V. P. -, citrate -) would 

presence of laetncip as showing faecal pollution while some waters showing the 
(M E inrlnl ^^pi^iexs in O'Oi. c.c. and containing only B. belts cerogenes 

UU. E. - , indole , V. P. , citrate +) might be certified as fit for use. 

dift'eren^P, different countries studied Eijkman’s method for 

dfeed fecal and non-fmeal coli. Eijhman (1904a, h ; 1914) intro- 

produce add nnd lum in which B. coli but not B. cerogenes was said to be able to 

uSd in the^dfffpi^P P probably been no test 

divided ns nn +P of the coliform organisms on which opinion has been so 

aidTatisfactnrt^t Eijkrnan test. Some workers have considered this a sensitive 
few others bnvp ’ while others have condexnned it in unequivocal terms. A 
or in the temn modifications either in the composition of the medium 

and snppifip ° incubation or in both which would make the test useful 

andScheraao^^%\^^l^T''^^°^'''tr^^''-^’ (^^29), Williams, Weaver 

and Alinkp^pti 7 Vi Vaughn (1934), Skinner and Brown (1934), 

modificatinns tn K ^^7® fe'^^.d either the original test or one of its 

coli On ftiA e suitable for differentiating between faecal and non-fsecal 

and' Rucchoft et al. (1931), Burke-Gaffney (1932), Webster 

usefulness ^^d Webster (1935) have reported unfavourably on its 

f^radW^nTT^!'m ’ course of their critical study on the ‘Bacteriological 

watpr-bfltl. broth and incubated their sub-cultures in a 

and acmratlpr t? nnd maintained the temperature constantly 

eJnsirWabt conditions, they found the test to be of very 

of f»pal aa 7' to all other tests in picking out a high proportion 

for with rapidity. _ Consequently, they described four methods 

liouid estimation of coli-^ogenes organisms in milk, water, or other 

and thp diV^ i-^^i the objections and limitations to the ordinary dilution 

method ^ f e-count methods they finally advocated the use of the dilution 

purposes modifications, for use in water analysis and for research 
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Wilson ei al {loc. cit.) have stated that the presumptive coliform count is 
estimated from the number of positive tubes of MacConkey’s broth at 37°C., the 
fecal coli count from the number of positive tubes of jMacConkey ’s broth at 44:°C. and 
the intermediate-ffiroi/cJics-cZoaccc count from tlie number of positive tubes of citrate at 
37°C. and that this method is to be recommended if all three counts are desired and 
is of particular value in determining the coU-wrogenes ratio. They have also found 
it convenient to e.vpress the results in terms of the probable number of organisms 
per unit quantity of the material under test. ‘ There is at present no really accur- 
ate method for ascertaining the numbers of coliform organisms in water. Even 
with the technically satisfactory modification of the dilution method advocated 
by them they admit that the results must always be regarded as merely approxi- 
mate. in view of the existence of such an inherently large sampling error ’ (\Yilson 
et al., loc. cit ). 

Bardsley (1937), however, concluded a paper read before a meeting of the 
Pathological Society on the ‘ Numerical estimation of coliform bacilli in water ’ 
by saying that ‘ the above method is much more delicate for intermediate- 
(Brogenes-cloacw and to some extent for coli also, that it enables the original distri- 
bution of coH, and I. A. C. in water, milk, shell-fish, ice-cream, or other material to 
be estimated with considerable accuracy, that it involves less labour and is much 
more rapid, allomng results to be obtained in about four days, as compared with 
about 10 days for the routine method, and that it uses less media, dispenses 
altogether with plating, and is, therefore, considerably cheaper 

At the suggestion of Prof. Wilson, an investigation was undertaken by us 
using the modified dilution method described by him in the Special Report No. 206 
of the British Medical Research Council. The detailed procedure adopted by us 
in consultation with him is given below : — 

{a) Each sample of water was inoculated into MacConkey’s bile-salt-lactose- 
neutral-red broth (*containing sodium chloride also in its composi- 
tion) — 50 c.c. of water into one tube, 10 c.c. into each of 5 tubes, 1 c.c. 
into each of 5 tubes and OT c.c. into each of another 5 tubes; These 
were incubated for 48 hours at 37‘’C. The results were then read 
ofE and recorded. 

(6) At the end of 24 hours’ incubation at 37°C. one tube showing acid and 
gas from each of the four dilutions was plated out on the MacConlcey’s 
bile-salt-lactose-neutral-red agar (also containing sodium chloride) 
and incubated at 37°C. for 24 hours at the end of which six colonies 
were picked off from each plate and confirmed on MacConkey’s broth 
for production of acid and gas at the end of 24 hours at 37°C. All 
the strains which were positive were then put through the following 
tests : (1) methyl-red, (2) Voges-Pxoskauer, (3) citrate-utilization, 
(4) indole-formation, and (6) ability to produce acid and gas when 
grown in MacConkey’a broth at a uniform temperature of 44°C. 
accurately maintained in a water-bath. The strains were then 


conUinLtof chloride."” "" MacConkey and as used by ns at this Institute does not 
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classified as coli I, coli II, mtexmedmte-CErogenes-cloacw, and 
irregulars. 

(c) *At the end of 24 hours’ incubation at 37°C. every tube showing acid 

and gas in the original 37°C. enrichment series was inoculated into 
(i) a hfacConkey’s broth tube and placed ivithont delay in a water-bath 
at 44°C. to be incubated for 24 hours and (ii) a Koser’s citrate broth 
tube and incubated at 37°C. for 48 hours. The results were then read 
off and the organisms classified as coliform, faacal coli, and intermediate^ 
cerogenes-cloacce. 

(d) All the tubes showing acid and gas in the MacConIcey’s broth tubes 

incubated at 44°C. w'ere next plated out on MacConIcey’s agar and 
incubated at 37°C. for 24 hours. Two colonies were then picked from 
each plate and confirmed in MacConkey’s broth for production oi acid 
and gas. All strains found positive were submitted to the same 
five tests mentioned under (6) above, and classified as coli I, coli II, 
intexmeditite-CBrogenes-cloaces, and irregulars. 

It will be seen from the above that the preliminary enrichment is still made 
at 37°C. (procedure a), that a differentiation of the coliform bacteria in these cultures 
into coli and cerogenes is made by adopting the procedure outlined in (c) and that 
the procedure detailed in {h) and {d) are intended to furnish additional confirmatory 
evidence in support of the classification by procedure (c). 

Twelve samples of water derived from impounded surface reservoirs, wells, and 
rivers were thus examined by us in the first instance. They yielded a total ot 
416 cultures by the two methods (218 in the 37°C. enrichment series and 198 in the 
44°C. sub-culture series). These were classified into coli, I. A. C., and irregulars, on 
the basis of the M. R., V. P., citrate, and indole tests. But when the test for their 
ability to grow at 44°C. in MacConlvey’s broth (Wilson’s method IV) came to be 
applied, 62 out of a total of 98 cerogenes-like cultures in the 37°C. enrichment series 
and 61 out of a total of 88 cerogenes-like cultures in the 44°C. sub-culture series were 
found to grow at 44°C. {vide Table I), 


Table I. 


Types. 

Total number 
of cultures. 

Number growing 
at 44°0. 

Percentage 
to total. 

37°0. Enrichment series. 




Coli I 

82 

76 

91-5 

Coli II 

3 

3 

100-0 


* Tubes showing acid and gas only at the end of 48 hours (but not at 24 hours) at 3/ 
subjected to these two tests after 48 hours and the organisms classified.. Similarly, tubes J ^ 
from the 37°0. series and found negative or doubtful after 24 hours at 44°G. were ^ the 

period of 24 hours at 44°C. and such as were positive after 48 hours were also plated our 
organisms classified. 
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Table I — concld. 


Types, 

Total number 
of cultures. 

jfumber growing 
at .14°C. j 

Pereoiitogo 
to total. 

JSrogenes-doaca: 1 .. 

98 

G2 

1 

V 63-3 

xErogencs-doaccc II 

1 

1 

100-0 

Inlerinediale I 

9 

7 

i 

77'7 

Intermediate II • • j 

3 

3 

100-0 

Irregulars 

22 

15 

i 

6S-1 

44'’C. Sub-culture series. 

1 

i 

1 

1 


Coli I 

81 

75 

92-6 

Coli 11 

1 

1 

100-0 

£rogtnes-cloacoe I .. 

88 

61 

69-3 

Inierjnediate I 

' 4 

2 

60-0 

Irregulars 

j .. 

1 

19 

79-1 


It will be seen that from 60 to 70 per cent of the CBrogenes-like organisniB 
isolated from water possessed the ability to produce acid and gas in 24 to 48 hours in 
MacConkey’s broth at a temperature of 44°C. accurately maintained in a water-bath. 
This finding is contrary to those of Wilson (loc. cit.) and Bardsley {loc. cit.). They 
found comparatively few CBrogenes-Yik^ organisms (M. E, — , indole — , citrate -f- , 
V. P. -f ) which possessed the ability to grow at 44°C. in MacConkey’s broth, and 
these were placed in a group as irregular VI mainly on the basis of the 44°C. 
fermentation test. In attempting to express our results in terms of the probable 
number of the coli and csrogenes organisms, on the basis of Wilson’s schematic 
classification, we found that the coliform and I. A. 0. counts were practically 
identical in every case {vide Table III) showing that I. A. C. were present in all 
the samples^ and that Wilson’s method IV was not, therefore, specific in our hands 
m diSerentiating the coli-cerogenes organisms without further elaborate tests. 
Wilson has apparently considered all the organisms which produce acid and gas 
at 44®C. to belong necessarily to the coli type. In our series organisms isolated 
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from tubes giving acid and gas at 44°C. resolved themselves, on further 
differentiation, into either coli or non-eoU {vide Table II). 


Table IL 


' Sample 
number. 

Total number 
of organisms 
at 44°C. 

Percentage 
of coli. 

Percentage of 
non-cod. 

1 

8 

62'5 

37-5 

2 

24 

4-2 

95*8 

3 

23 

47-8 

52-2 

4 

24 

72-0 

28-0 

6 

26 

30-2 

69-8 

6 

11 

82-0 

18-0 

7 

26 

19-2 

BO-8 

8 

4 

25-0 

75'0 

9 

16 

31-2 

68-8 

10 

2 

100-0 

0-0 

11 

27 

51-8 

48-2 

12 

7 

57-0 

43-0 


It should be noted, however, that the tubes showing acid and gas m MacCo J 
broth at 44°C. were sub-cultured on MacConkey’s agar and incubated, a 
If cerogenes-cloacce organisms were present (not necessarily growing) m e 
cultures at 44°C. they will show up in isolation on the subsequent plate cu 
37°C. This factor might account to some extent for the findings 
above table. It is not clear from the milk report of Wilson et al. how tins 
factor was overcome in their work. The only reference which we could ^ •i.iyg 
- Eeport is at page 163 where it is stated ‘ At 44°C. practically all mdo e p 
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strains of B. coli grew well and produced gas. No strains of oerogenes yroduced gas 
at this temperature and very few even grcio at all ’ (tlie italics are ours). 


Table III. 


Number 
of sample. 

Number of 
MneConkey’s 
tubes showing 
acid and gas 

at src. 

Number of 
tubes in 
column 2 
which were 
positive by 
citrato test. 

Number of 
tubes in 
column 2 
shouing acid 
and gas in 
sub-cultures 
at 44°C. 

No.vdek of tubes in column 4 

SHOWING ON SUB-CULTOBE 

Coli and 
non-coli. 

Coli 

alone. 

Non-coli 

alone. 

1 

2 

3 

4 

5 

6 

7 

1 

9 

0 

4 

1 

2 

1 

2 

15 

14 

14 

1 

0 

13 

3 

16 

16 

*12/15 ’ 

4 


i 4 

4 

16 

16 

14 

3 

9 ; 

1 2 

5 

17 

17 

*14/16 

3 ‘ 

^ 3 

S 

6 

14 

14 

*6/8 

0 

5 

1 

7 

18 

18 

14 


.1 

8 

8 

6 

5 

2 

2 

t 

0 , 

0 

g 

10 

10 

9 

1 

2 

6 

10 

6 

6 

♦1/2 

0 

1 

0 

11 

15 

15 

15 

2 

6 

7 

12 

6 

6 

*4/5 

0 

2 

2 

Total . . 

147 

146 

109 

22 

35 

52 


*Nole . — Although the actual number of tubes showing acid and gas at d4°C. were 15, 16, 8, 2 
and 6 in these cases, only. 12, 14, 6, I and 4 tubes respectively yielded coUform organisms in sub- 
cultures on SfacCoakey’s agar plates at 37°C. 


_ The above table clearly shows that 146 out of 147 positive tubes frona the 
enrichment (37°C.) series contained citrate utilizers of the colon group (wrogenes- 
cloacoi) either alone or in combination with coli, that only 109 of them showed 
organisms capable of growing in sub-culture at 44°C. and that 52 of these 109 tubes 
(47-1 per cent) contained only non-cuK. Only 32 per cent of the tubes contaiped 
a ^ tubes showing a' mixture of coli and non-coli were 

added to this number, the total would still be only 57 tubes out of a total of 109 
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(62-3 per cent) in favour of tlie typical B. coU, for detecting winch, this test is deemed 
specific. 

In view of the contradictory findings obtained by us, Prof. Wilson was requested 
to study our detailed results. WTiile agreeing with our findings, he considered it 
desirable that we should check up the various details of the technique employed by 
us, with a view to eliminating possible sources of error or deviation. On a careful 
re-check, our technique was found to be accurate in every detail. Prof. Wilson 
was, therefore, furnished at his request with 24 strains of coliform organisms {coli 
and cerogenes) isolated by us from water. After subjecting these cultures to several 
tests in order to determine whether our results were vitiated to any extent by 
synergic action ot two organisms working together, he informed us that his attempts 
to show this were unsuccessful and that the cultures behaved in his hands in the 
same manner as in ours and that, therefore, ‘ our main contention, viz., that some 
strains of Bact. cerogenes isolated from Indian waters produce acid and gas in Mac- 
Conkey’s broth at 44°C., appeared to him to be perfectly correct ’. He concluded 
by saying ‘ Clearly, the 44°C. MacConkey’s test cannot be relied upon in India for 
the differentiation of faecal from non-faecal coliform organisms, unless it can be shown 
that irregular VI {cerogenes which grew at 44°C.) is a natural inhabitant of the Indian 
intestine 

W'ork on this aspect of the problem is in progress. 

SUMMAKY. 

The methods recommended in Medical Kesearch Council Special Report Spes 
No. 206 for estimating the numerical presence of coliform, faecal coli, and intermediate- 
cerogenes-cloaccB organisms respectively in milk, etc., have been tried out on twelve 
samples of Madras waters. The results indicate that these methods may not be 
applicable to tropical waters. About 50 per cent of arogenesWke organisms as 
isolated from these samples have been shown to produce acid and gas in MacConkey s 
broth at 44°C. 

Conclusion. 

It would, therefore, appear that the MacConkey’s test at 44°C. can be considered 
sufficiently specific for differentiating coli into fsecal and non-fmcal types, only^^ 
it can be proved that cerogenes-like organisms in water capable of growing at 44 0. 
are normal intestinal organisms in India. 
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Clemesha’s study of fecal organisms in water and feces carried out in this 
Institute in 1908-1909 had special reference to the effect of exposure to direct 
sunlight. He divided coliform organisms found in feces and water into three classes 
based on the capacity of the organisms to resist the action of -sunlight. He claimed 
to have established that ‘ in any naturally occurring mixture of micro-organisms,^ 
a certain proportion (how great a proportion we have at present not much idea) of 
one or more species will be found to survive the others when the mixture is exposed 
to prolonged sunlight. But it is with this resistant residuum that the sani- 
tarian in India is most frequently called upon to deal. Hence the great importance 
and utility of this classification ’. This classification has been regularly applied 
at this Institute since 1908. The more recent tests based on hydrogen-ion concen- 
tration and citrate utilization have also been applied since 1921 for purposes of 
correlating the older classification of Clemesha with the more recent grouping, 

Webster (19S4) carried out some tests in this Institute and recorded his 
observations on the period up to which different strains of lactose fermenters and 
streptococci could be recovered from the Winchester quart bottles full of sterilized, 
distilled and river water infected with pure cultures and stored in the Laboratory. 
It was found that B. schwfferi (an organism closely allied to B. coli communis) was 
found to survive for 62 days in stored distilled water and for 34 days in stored river 
water and that B. neapolitanus (also a member of the true coli group) lived for 74 and 
54 days respectively and when a mixture of three organisms belonging respectively 
to Clemesha’s classes I, II, and III was similarly tested, the class I organism's 
(is. coscoroba) survived for 59 and 45 days, class II {B. 67) for 56 and 67 days, and 

( 'm ) 
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Longemty of Colifoim Organisms in Water. 


^ One organism of this type was isolated last on lOtli August, 1938, and none 
thereafter. The heavy rainfall of about 5 inches (3-2" in one day, 21st August, 1938) 
did not, however, affect the results (no class I type was found), showing that the 
water in the reservoir is not liable to adventitious pollution being washed into it 
by the rain. 

Applying the modern classification, to this series, w'e find that 34 out of 41 
samples showed the presence of typical B. coli ; 237 out, of 405 cofijom bacteria 
isolated (58-5 per cent) were found to be of the true B. coli type. There was no 
consistent or progressive reduction in the numerical strength of these forms, with 
increased exposure to sunlight or storage. 


Dlscus.sion, 

Trom the results of the findings recorded above, it would appear that organisms 
of Clemesha’s class I are not killed out under the influence of sunlight, in 
anything like the very brief period claimed by Clemesha as being sufiicient to ensure 
their disappearance under natural conditions. Wlren it is remembered that the 
ubiquitous B. vesieidosus is present in fasces, cow-dung and water with remarkable 
constancy, that Clemesha found it to be resistant to the action of sunlight and storage 
for considerable periods and that it is really a member of the true B. coli group 
(M. R.‘ -f , V. P. — , citrate — , indole -f ) under the modern scheme of classification, 
the application to the sanitary assay of potable waters, of a classification of califonn 
bacteria based on their powers of resistance to sunlight and storage would appear 
to be of little or no value. In the tw’o series of experiments recorded by us, 
B. coli communis (Clemesha’s class I) was found to survive for a considerable tune 
and to show no appreciable reduction in numbers during at least the first 4 or o 
weeks of exposure to sunlight and storage, 

B. lactis cBTogenes (an organism of Clemesha’s class II) has generally come to be 
accepted as rare in fseces, but preponderant in soil, grains, etc., so much so that its 
presence in water is not viewed with the same degree of suspicion as B. coli. There 
are, however, some water bacteriologists who do not take the same lenient view ox 
its presence in water on the score of its being very often the offending organism m 
urinary infections. We have reason to believe that even amongst the (Ci'ogenes 
forms, there are some w'hich are truly faecal, although others may be non-fmcal. 
This view of ours is based on the behaviour of wrogenes cultures from water gronn 
in MacConlcey’s broth at 44°C. Confirmatory work is in progress using arogeMS 
cultures isolated from faeces. 

We are thus left with only one fairly reliable index for the assay of potability 
which is the intensity of pollution revealed by the coliform count which gives a 
quantitative estimate of the coliform organisms in water by the routine enrichmen 
method. 


Summary. 

1. The present note relates to experiments carried out with Adyar river 
water stored in open masonry reservoirs 30' X 30' X 6' for four months during t 
monsoon season and for six months during the hot weather. 
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2. Coliform organisms of Clemeslia’s class I (susceptible to sunliglit and storage) 
were- isolated in 32 out of 46 samples between November 1937 and March 1938, and 
216 out of 564 cultures isolated belonged to class I. 

3. During the hot weather, only. 16 out of 41 samples showed their presence 
and 54 out of 405 cultures belonged to class I. Though reduced in number, the 
class I organism was isolated from the water after four months of storage and 
exposure to sunlight. 

4. If the modern classification of coliform bacteria into B. coli and interme- 
diate.-a;rogc)ie^-cloacce is applied to our results, 80 per cent of the organisms found 
during the hot weather belonged to the true B. coli type. 

Conclusion. 

In the present state of our knowledge of the colon-ccrogenes group of organisms, 
it is not safe to form an estimate of the recency of pollution in ivater-supplies on 
the basis of the resistance of the coliform organisms to sunlight and storage. 


CtEiiESHA, tv. W. (1912) 
Idf.m (1908) 

Websteb, W. J. (1934) . . 
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The distribution in nature of lactose-fermenting bacilli has been extensively 
studied during the past 30 years and it has been found that, whereas in liuman and 
animal feces the B. coli comprise 90 per cent of the whole, in soil, cereals, plants, 
etc., the B. eerogenes predominate. While B. coli are believed to die out rather 
quickly, B. wrogenes are credited with the power to survive outside the animal body, 
The presence of B. cerogenes in water is consequently held to be less indicative of 
recent excremental pollution than that of the B. coli. In the bacteriological 
analysis of water, the differentiation of the lactose fermenters present into coli and ‘ 
wrogenes is, therefore, considered essential. The first clear cut distinction between 
coli and wrogenes is to be found in the classical work of MacConkey (1905, 1908) 
who defined the wrogenes type as saccharose positive, dulcite negative, indole nega- 
tive, and Y. P. positive. These characters continue to be used as the basic factors 
in differentiation. A few additional tests have, however, been added during recent 
years, e.g., the methyl-red and citrate tests (Rogers efaJ., 1914, 1918 ; Koscr, 1923), 
Five tests are now usually considered sufficient (indole, M. R., V. P., citrate, gelatin 
liquefaction) for differentiation purposes and the Report of the British Ministry of 
Health (1934) has classified the eolon-cerogenes group into seven common types on 
the basis of these five tests. The procedures adopted in carrying out the five < esf s 
are detailed in that report. 

present note relates to the technique of two of these five tests, vh., the 
M. R. and V. P. tests. Smith (1895) noted that the activity of gas production ip 
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sugar media by B. cerogenes and B. cloacw was greater than tliat of B. coli, tliat tk 
ratio of CO2 to H2 was higher and that the final degree of acidity lower. This is 
the basis of the methyl-red test evolved by Eogers et al. (1918) which is performed 
in the following manner : — 

Buffered glucose-phosphate broth is inoculated Avith a loopful of the culture 
and incubated for three days at 37°C. Five drops of a 0'04 per cent solution of 
methyl-red are then added to the culture. A magenta-xed colour is considered 
positive, while a definite yellow colour is negative. Intermediate grades of colour 
indicate at best a doubtful result. 


The yoges-Proshauer test (F. P. test). — ^Used since 1898 to differentiate between 
B. coli and B. cerogenes, this is a test for acetyl-methyl-carbinol [CB[ 3 .CH(OH).CO. 
CH3] which, in the presence of caustic alkali and air, becomes oxidized to diacetyl- 
methyl-carbinol (CH3.CO.CO.CH3) which, in turn, reacts with a substance in the 
broth to produce a pink fluorescence. This substance is believed to be arginine 
possessed of a guanidine grouping [NH ; C(KH2).NH.E3 (Barritt, 1936). This test 
is usually performed by inoculating a second tube of glucose-phosphate broth with 
the culture, incubating it for three days at 37°C. and adding to it 5 c.c. of a 10 per 
cent solution of sodium hydroxide. The result can be read only after the tube has 
stood for 12 to 24 hours at room temperature or after heating the mixture to near 
boiling point for 30 minutes. A pinlc fluorescence denotes a positive and no colour 
a negative result. 


As performed above, the V. P. test is often found to give vague indefinite 
reactions and various modifications have, therefore, been proposed from time to time, 
all directed towards intensifying the oxidation of acetyI-methyl-carbinoI._ Thus, 
Levine, Weldin and Johnson (1917) used hydrogen peroxide, barium peroxide, and 
potassium dichromate ; Bedford (1929), sodium peroxide ; Werkman (1930), feme 
chloride ; O’Meara (1931), creatine ; Leifson (1932), a mixture of copper sulphate 
ammonia, and soda ; and Barritt (loc. cit.), a-naphthol. 

Of these, only O’Meara’s modification has been considered to be a definite 
improvement, in that the colour change is markedly intensified ; but even with this, 
indefinite reactions were still obtained, particularly in dealing with the organisms 
of the ‘ intermediate ’ group. Barritt’s modification is claimed to overcome t is 
defect by giving a definite and more rapid intensification of the colour change, wi 
a significant increase in sensitiveness. The technique of this modification 3' 
given by Barritt is as under ; — 


After three days’ incubation at 37°C., one c.c. of the broth culture 1 
placed in a 6" x f " test-tube to which are added 0-6 c.c. of a-naphthol (5 per cen 
alcoholic solution) and 0’2 c.c, of KOH (40 per cent solution). Equally good 
are obtainable with 0’5 c.c. of a 6 per cent solution of a-naphthol and 0’5 
16 per cent solution of KOH. After shaking the tubes to mix the contents, 
reactions appear as a pink colour in 2 to 5 minutes — ^this intensifies on lur 
standing. 


"We have applied this as well as other modifications in the routine ana y > 
during the past 12 months, of over 600 samples of water which 
3,000 cultures of coliform bacteria. Barritt’s modification was found to yuelcl 
more intense colour change, to be more delicate and sensitive than the or 
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V. P. test and to yield definitely positive reactions in some cases where the ordinary 
V. P. test and the' other modifications yielded a negative or only a vape and indefi- 
nite red colour change. The positive results obtained with Barritt’s technique 
correlated perfectly with the M. R. and indole tests. Barritt’s claim to greater 
sensitiveness and specificity was thus established. It will be seen that, in the 
routine performance of the jM. R. and V. P. tests, two tubes of glucose-phosphate 
broth are inoculated with a loopful of each of the cultures under test, one for the 
M. R. and the other for the V. P. test. »Some would appear to use only one tube 
of glucose broth for culturing and divide it into tu o portions for carrying out the 
two tests after three days’ incubation at 37°C. 

In the course of our tests with Barritt’s modification, we happened one day 
by accident to add the V and P reagent (a-naphthol) to the same series of cultures 
which had already received the M. R. test reagent. Thereupon we added KOH 
also to these tubes and found that the V and P reaction developed just as well. 
Encouraged by this finding, we duplicated our cultures and systematically tried 
the method of using the same set of cultures for both tests. One set of culture tubes 
(glucose-phosphate broth) after three days’ incubation at 37°C. received the 
M. R. reagent and after recording the result, a-naphthol and KOH were added to 
the same cultures, shaken and results recorded. Another set of the same cultures 
was dealt with in the usual manner, i.e., adding M. R. and V. P. reagents in 
separate tubes of cultures. The results of both sets were identical in 1,480 cultures 
and there was not a single instance where there was variation or vagueness in 
the colour change in the two sets thus compared. 

The hydrogen-ion concentration produced by the coliform bacteria when grown 
in suitably buffered glucose broth is the property utilized in the methyl-red test. 
Cultures of B. coli elaborate acid until the lethal concentration in the pH zone (near 
pH 5'0) is reached and remain practically constant thereafter, while cultures of 
B. wrogenes destroy all the carbohydrate present in the media before reaching this 
zone. A reversal of the reaction then occurs, the pH in the two cases moving 
further apart, as the period of incubation increases. Thus, the cerogenes group 
forms initially a lower hydrogen-ion concentration but later a reversion towards 
neutrality occurs by the production of carbonates. Methyl-red turns yellow at 
pH 6'5. 

The addition of the methyl-red indicator to the broth cultures cannot, there- 
fore, interfere with the subsequent oxidation of the acetyl-methyl-carbinol into 
diacetyl when a-naphthol and KOH are added. This has been borne out by our 
results on about 1,500 cultures. We, therefore, consider that the procedure out- 
lined by us above simplifies the technique and saves time and labour. 

It would, therefore, appear to be justifiable to advocate the use of a single 
glucose-phosphate broth tube for both the tests. This would not only result in a 
saving of media, glassware, time and energy, but also ensure identical conditions 
as regards initial inoculum and final strength of the culture used for the tests after 
three days’ incubation. 


Summary. 

1. Barritt’s modification of the Voges-Proskauer test, which makes use 
ot a-naphthol in addition to KOH has been applied (along with several other 
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modifications which are also claimed to be more sensitive than the original V. P. 
test) on 3,000 cultures derived from over 600 samples of water. 

2. Barritt’s claim to greater specificity and sensitiveness has been established. 

3. The use of a’single glucose-phosphate broth tube for each culture, on which 
to carry out first the M. E. test and then the V. P. test (Barritt’s modification) 
instead of two separate broth tubes is advocated. Controlled tests have shown 
that this may be done successfully without the results being vitiated in any 
manner. 

4. The above procedure conduces to economy and si'mphfies the technique. 
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In recent years much work has been done on the separation of immimo- 
logically active fractions from the bodies of a number of different species of bacteria 
with excellent results. Recently, Ramon, Boivin and Richou (1937) obtained 
trichlor-acetic acid precipitates of the diphtheria and tetanus toxin-broth and 
compared their antigenic power with that of the original toxin-broth from which 
the precipitates were obtained, and found almost equal results with both. The 
method was adapted from that of Boivin and Mesrobeanu’s (1933) trichlor-acetic 
acid extraction of Bact. cerlryclce. 

This report encouraged the trial of the method of Raistrick and Topley (1934) 
for the purffication and concentration of the toxin-broth. As a preliminary it was, 
necessary to find out whether the tryptic digestion itself had any deteriorating 
action on the antigenicity of toxin-broth. In the case of the diphtheria toxin- 
broth, Brandwijk and Tasman (1937) found that tryptic digestion diminished its 
toxicity to a remarkable extent. Though their work did not make it clear whether 
that had led to deterioration of the antigenicity too, it was thought better to try 
the method in the case of tetanus toxin-broth, on which the effect of tryptic digestion 
was unknown. 


Technical. 

Production of tetanus toxin-broth. 

Cl. tetani was grown in veal peptone-broth of the following composition 

Veal . . . . ^ _ 750 „ 

Peptone (Witte) - . . . . . . 10 g. 

Sodium chloride . . . . _ 5 

Distilled water . . , . ^ 1 
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Peptone Wv'is added to the veal and both simmered at 68°C. for 20 minutes 
in a water-bath. Sodium chloride was added after filtration. The final pH of tlie 
broth was 7 '4. 

Narrow-mouthed, amber-coloured, reagent bottles of two-litres capacity were 
filled with the sterilized broth almost up to the neclc. The bottles were fitted with 
sterile rubber-stopjjer and incubated for 48 hours before inoculation to prove freedom 
from contamination. Pive c.c. of the liquid portion of a 24 hours culture of 
Cl. tetani in cooked meat medium were put into each bottle wdth aseptic precautions. 
The bottles rvere incubated at 36°C. to 37°C. for 12 days and then filtered through 
Seitz E, K. pads under a negative pressure of about 20 cm. of mercmy. 


Determination of the minimal lethal close. 

The minimal lethal dose was determined in guinea-pigs of 350 g. weight by 
subcutaneous injection of 1 c.c. of each dilution and noting which caused deaths 
in about 96 hours. 

The particular sample of toxin-broth which was used for the experiment had 
a minimal lethal dose in 1 /20,000 c.c. when determined just after filtration. 

The toxin-broth was stored at 0°C. to 2°C. for about a month for ‘ maturing 
At the commencement of the experiment the minimum lethal dose was found to be 
1/9,000 c.c. of the toxin-broth. 


Tryptic digestion of toxin-broth 

In two sterile flasks of about 500 c.c. capacity, 400 c.c. of the toxin-broth were 
put in each. The amount of NaOH recj[uired to adjust the pH in each flask to 
about 8‘4 (colorimetrically) was determined and added to each. 0'4 g. trypsm 
(Merck) weighed in a sterile crucible was added to one of them marked A and 
the other marked B was left as a control. Twenty c.c. of toluol were layeied 
over each and a sterile rubber-stopper applied. The flasks were incubated a 
36°C. to 37°C. 

To flask A, 0’3 g. trypsin was added on the 3rd day (at the end of 48 hours), 
0*2 g. on the 6th day (at the end of 120 hours), and 0*1 g. on the 8th day (at the en 
of 168 hours), to make sure that the process of digestion did not stop due to tJie 
want of a sufficient amount of trypsin. 


Expeeimental, 

Determination of the correlation between the degree of toxicity and the 

degree of digestion. 

From each of the flasks A and B, 25 c.c. of the toxin-broth were taken out on 
the 3rd, 4th, 5th, 6th, 7th, 8th and the 10th days. Of this amount, 20 c.c. were 
required for Sorensen’s formol titration, and the remaining amount was use 
for making the dilutions for injecting the guinea-pigs in order to find the 
lethal dose of the treated and untreated toxin-broth on those days. The numma 
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dose n-as taken as the criterion of toxicity and the rise in amino-nitrogen content 
as the criterion of digestion. 

A. The degree of toxicilg.—For the determination of the degree of toxicity, 
the dilutions of each day’s samples from flasks A and B used for injecting the 
guinea-pigs were selected according to the experience of the preliminary experiments. 
They were made in saline and were as follows 


Dilulious made from flash A. 


Grades of dilution. 


Samples of i 

1 

2 

3 

4 

5 

3rd day 

1/2,000 

1/3,000 

1/4,000 

1/3,000 

1/6,000 

4th day 

1/1,000 

1/1,500 

1/2,000 

1/2,600 

1/3,000 

.“ith day 

1/600 

1/750 

1/1,000 

1/1,250 

1/1,500 

6th day 

1/230 

1/375 

1/500 

1/625 

1/750 

7th day 

1/125 

1/200 

1/230 

1/325 

1/375 

Sth day 

1/50 

1/100 

1/125 

1/175 

1/200 

JOth day 

1/25 

1/50 

1/75 

1/100 

•• 


Dilutions made from flash B. 


Samples of 

« 

Grades of dilution. 

1 

2 

3 

3rd day 

1/8,000 

1/7,000 

1/8,000 

4th day 

1/6,000 

1/7,000 

1/8,000 

Sth day 

1/5,000 

1 / 6,000 

1 / 7,000 

6th day 

1 / 5,000 

1 / 6,000 

1/7,000 

7th day 

1/4,000 

1/5,000 

1/8,000 

8th day 

1 / 4,000 

1/6,000 

1/6,000 

10th day 

1/3,000 

1/4,000 

1/5,000 
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Each dilution was injected subcutaneously in 1 c.c. amounts into one guinea- 
pig only of about 350 g. weight. The time of death of the guinea-pigs dying of 
tetanus was noted. 

The results are recorded in Tables I and II : — 

Table I. 

Hours of death of guinea-pigs injected icilh different dilutions 
(loc. cit.) of the contents of flash A. 


Samples of 

Dilution number. 

1 

2 

3 

4 

5 

3rcl day 

67 

67 

91 

98 

121 

4th day 

.4 

•- 

•• 

•• 

•• 

5th day 

91 

97 

•• 

.. 

• • 

6th day 

67 

91 

91 

99 

• • 

7th day 

95 

u 

115 

•• 

•• 

8th day 

n 

115 

•• 


•• 

10th day 

•• 

•• 

•• 

•• 



Table II. 

Hours of death of guinea-pigs injected ivith different 
. dilutions (loc. cit.) of the contents of flask B. 


Samples of 

Dilution number. 

1 

2 

3 

3rd day 

91 

91 

97 

4th day 

91 

95 

102 

5th day 

91 

99 

115 

6th day 

91 

115 

• • 

7th day 

75 

96 

115 

8th day 

101 

93 

• • 

IQth day 

91 

115 

•• 
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TJie times of death of the guinea-pigs in hours are only approximate, especially 
the numbers such as 67, 91, and 115, which denote tlie time of death to be 
between 55 and 67 hours, 79 and 91 hours, and 103 and 1 15 hours respectively 
since the injections were given at 1 p.m. and the animals were under observa- 
tion only between 8 a.m. and 8 p.m. everyday. A guinea-pig found dead 
in the morning might have died any time between 8 p.m. and 8 a.m. The 
italicized hours of death represent those due to dilutions containing a minimal 
lethal dose. 

B. The degree of digestion — was determined by the estimation of the 
increase in amino-nitrogen content as determined by S^irensen’s method of 
formol titration, compared Avith the amino-nitrogen content of the undigested 
control. The result is shown in Table III : — 


Table III. 

Amino-nitrogen 'percentages of digested and undigested toxin-broth. 


1 

Samples of j 

1 

i 

* ( 

Digested to-viii-broth j 
(flask A). 1 

1 

! 

Undigested to.vin-broth 
(flask D). 

3rU day 

0’152 

0-134 

4th day 

0-154 

0-134 

i 

5th day i 

i 

0-155 1 

0-134 

flth day 

0-155 

0-134 

7th day 

0-155 

0-134 

8th day .. 

0-156 

0-134 

10th day 

0-155 

0-134 
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C. The correlation of the degree of toxicity with the degree of digestion . — 

Graph. 

Showing the correlation of the degree of toxicity and the degree of digestion of 

toxin-broth. 



O O — Toxicity of the digested toxin-broth. 


O O — Toxicity of the undigested toxin-broth. 

# • = Change in the amino-nitrogen content of the digested toxin-broth. 


= Change in the amino-nitrogen content of the undigested toxin-broth. 


D. C. LaliirL 
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Determination of antigemcitij. 

Flask A was stored at 0°C. to 2°C. and in order to diniinisli the toxicity of the 
/indigested toxin-brotli 0'5 c.c. commercial formalin was put into flask B, which 
was then incubated at 36“G. to 37°C. for seven days. This was necessary, because 
otherwise it was not possible to immunize the rabbits with such a toxic substance. 
After incubation, flask B also was stored at 0°C. to 2°C. 

Rabbits of about 2 k". weight were selected for immunization with the toxin- 
broths of flasks A and B— two rabbits for each sample. They received two 
iniections every week, both intravenously and subcutaneously — the total number of 
injections were twenty-five in the course of three months. The graduation of the 
doses was as follows ; — 

Intravenous.— ^-2 c.c., 0'4 c.c., O'G c.c., O'S c.c., RO c.c.— the last one continued 
till the total number was twenty-five. 

Subcutaneous.-~0-2 c.c., OA c.c., 0-6 c.c., OB c.c., TO c.c., 1-5 c.c., 2 c.c., 2-5 c.c., 
3 c.c., 3-5 c.c., 4 c.c., 4-5 c.c., 5 c.c. — the last one continued till the total number 
was twenty-five. 

The animals ivere bled from the heart seven days after the thirteenth injection 
and also again seven days after the last injection. The serum was titrated against 
an L_p dose of the test toxin determined against OT International unit of the 

standard serum, with the following result (Table IV) : — 

T/Vbi.e IV. 

Coynparative antigeyiiciUj of digested and indigested toxin-broth. 

Tithe in Intebnation.u, units 



T5 

PER O.C. OF SEBUAI OF ; — 

i 


number. 

1st bleeding. 

I 

! 2ad bleeding. 

1 

Rabbits immunized with the j 

1 

<0-1 

[ <0-1 

digested toxin-broth. | 

3 

<0'1 

<0-1 

Rabbits immunized with for 

3 

>3 <0 

>12-5 <15 

molized undigested toxin - 
broth. 

4 

5 

>15 


Discussion and conclusion. 

It appears from the study of the correlation between the degree of toxicity 
and the degree of digestion, that the increased fall in toxicity of the digested, in 



896 


E^'ect of Tryptic Digestion on Tetanus Toxin-Broth. 


compcarison to that of the undigested, toxin-broth is due to the tryptic digestion. 
The temperature of incubation also caused some deterioration of the toxicity. The 
loss of antigenicity together with the fall in toxicity suggests that the tryptic 
digestion caused a sufficient disturbance in the structure of the toxin molecule on 
its nearest environment to destroy both of its properties. This might possibly 
be due to the protein nature of the toxin molecule or its closest associate, as is also 
suggested by the experiments of Eaton (1936) on the purification of tetanus toxin. 

SUJIMARY. 

Experiments are described the results of which show that the tetanus toxin- 
broth loses its toxicity and antigenicity when digested with trypsin. 
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A DIET SURVEY OF FiUmiES WITH LEPROSY. 

BY 

W. R. AYKROYD, 


AND 


B. G. KRISHNAK. 

{Nutrition Research Laboratories, I. R. F. A., Ccovoor, S. India.) 


[lleceived for publication, November 28, 1938.] 

There lias recently been a good deal of speculation about the possible 
relation between leprosy and malnutrition. In India, leprosy is considerably 
more common in hladras and Bengal, in which rice is the staple cereal, than in 
North India where the diet is based on whole wheat, and milk is consumed by 
most of the population. The association of leprosy with poverty has long been 
recognized. Few scientific investigations designed to throw light on the problem 
have, however, been undertaken, and the factors underlying the epidemiology of 
leprosy remain obscure. 

For some time it has been known that Saidapet, a suburb of Madras, is an area 
of high leprosy endemicity, though it is not certain that the disease is more preva- 
lent in this district than in other parts of the city or elsewhere in South India. 
Saidapet is largely populated by weavers who work in their homes, and unques- 
tionably the economic level of the suburb is extremely low. A house-to-house 
survey of leprosy in this area, carried out by Dr. R. G. Coebrane, Medical 
Officer of the Tirumani Leper Settlement, Chingleput, has revealed the high 
incidence of about 50 cases per 1,C00 inhabitants. 


Diet survey. 


In collaboration with Dr. Cochrane and his assistants, a diet survey of 14 
lamilies, comprisiug of 83 people, was undertaken in the area. The families were 
not deliberately chosen from among those containing the greatest number of 
epers , the chief criterion of selection was the degree of co-operation obtainable, 
u sequently, however, it was found that there were cases of leprosy in all the 
aimhes surveyed, with one exception. 
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Dkl Surrey of Families 

The duration of the snrvnt, i • i. 

.-.S follows ' “'’1> "'M carried out in January and Febiuary, 

8 families for 20 days 

1 family „ ]8 „ 

i 3J 15 

^OWS daily intake of varies foodltuff? “ 

Table I. 


Protein 

Fat 

Carbohydrate 

Calories 

Percentage of calories from 

Calcium 

Phosphorus 


ete., per 

consumption 

wtit per day. 


1 

j Mean intake. 

1 Eange. 

• 

^2 g. 

22 g. to 64 g. 

* 

1 22 g. 

11 g. to 35 g. 

i 

1 3o3 g. 

191 g. to 489 g. 

» ^ 1 

1,790 

960 to 2,350. 

cereals . . ; 

78 

69 to 87. 

1 

■■ 1 

0-25 g. 

0-10 g. to 0-44 g. 

H 

0-94 g. 

0-44 g. to 1-55 g. 


Millpri ^§y®8ient -vras milled narboiJpfl • particularly deficient in calcium 
Milled parboiled rice contains apnroxtmfrN^^o^^^^ 

mil t j per%ramme. 

beri La ' 1^ varied from 40 b»o to 7 nnn^ the principal source of this vita- 
intal t the staZfrd is enough to prevent 

min V ®®t>rell (1935) qI, ^^Sgestedas representing adequate 

?n a wp 1 L f ^^bation period of Lt m rats on a diet deficient in Vita- 

not How1afri?L7ory\T^^^^^^^^ 

P analogous to human leprosy is 

Intake of vegetables fi L 

Ind “gler than that observed in 

exaooeratinn?^°^^ v-hose diet is very dpfi^-^+° ®’ ^°^®ver, the picture obtained 

vis Sade most of ?hl mid quality. It is no 

“ were half-starved when the survey 
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Leprosy survey. 

Dr. Coclirane’s investigation revealed a higli incidence of leprosy in these 
families at tlie time of tlie diet survey. Leprosy was found in all the families 
except one. Out of the 41 adults examined, 7 were suffering from leprosy. 
Among 39 children, there were 18 definite and 6 suspected cases. The incidence of 
leprosy in tlie group was, therefore, 35 per cent. 

The worst fed family in the group was No. 12 ; mean calorie intake in this family 
was only 955 per day. Of 6 individuals belonging to this family examined, 5 showed 
signs of leprosy. Damily No. 14 had a daily calorie intake of only 1,300 ; 7 out of 
11 examined were found to have leprosy. This family included two more members 
when the leprosy survey was made than at the time of the diet survey. 

Discussion. 

No conclusion can be drawn from this investigation with regard to the role of 
malnutrition in leprosy. All that has been sbown is that a group with a high 
incidence of leprosy consumed a very deficient diet. Calorie intake was lower than 
that observed in any survey previously carried out in South India. Further 
investigations are necessary in areas in which there is a high incidence of leprosy 
and elsewhere in order to throw light on the relation between cbet and leprosy. 

Summary. 

A diet survey of 14 families, 13 of which contained cases of leprosy, has been 
carried out. The diet was found to be deficient in quantity and quality. 
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DIET SUEVEYvS IN THE NILGIEIS AND TEAVANCORE. 


BY 

B. G. TvRISHNAN. 

{Nutrition Research Lahornlories, I. R. F. A., Coonoor, S. India.) 

[Reopived for publication, December 31, 1938.] 

The reseatcli programiBe of the Laboratories includes tlie carrying out of diet 
surveys in. sample areas in various parts of India. Considerable progress has been 
made with this scheme and the results of a number of investigations have already 
been published. 

The peesbkt investigation. 

The survey in the Nilgiris was undertaken largely for the benefit of a class of 
Health Officers under training in the Laboratories, and was in the nature of a demon- 
stration. The families, 16 in number comprising 90 individuals, were employed on 
a tea plantation and lived in lines closely adjacent to the Laboratories. The class 
gave practical assistance in the collection of data. The survey lasted one week in 
the month of June, the period of inquiry being somewhat shorter than in previous 
surveys. While the survey was undertaken primarily for teaching purposes, useful 
data were obtained which can justifiably be added to the mass of information now 
being collected about dietary habits in India. Ho other diet survey of tea planta- 
tion coolies has hitherto been carried out in South India. 

The second survey, carried out in Oollannoor, Travancore, included nine families 
(47 persons). It was made in January and lasted 10 days. The actual weighing 
out of foods was carried out by students engaged in an economic inquiry in the 
district. 

_ Mean intake of the various food factors and its range are shown in Table I, 
while Table II gives the mean daily consumption of the chief foodstuffs. The usual 
methods of calculation were followed (Aykroyd and Krishnan, 1937). 

The diet of group I was deficient in quantity and quality. In connection with 
calorie intake it must be remembered that these families were living in a temperate 
and not a tropical climate. The insufficient calcium intake is particularly notice- 
able. A fairly high intake of vegetables was recorded, but leafy vegetables were not 
eaten by most families. Only one family had any milk during the period -of inquiry, 
ilie diet may be described as about the usual for families of poorer classes iii 
Bouth India. Both adults and children appeared to be in a poor state of nutrition 
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Diet Svrveys in the Nilgiris and Travancore. 


Table I. 

Ink, Ice of calo.nes, proximate principles, calcium', and phosphorus mr 

consumption unit per day. 



j Group I. (Nilgiris). 

1 Group II, {Trav.iiicobe). 


iNfean intake. 

Range. 

Mean intake. 

Range. 

Protein 

1 

4.3 g. 

33-04 g. 

32 g. 

26-50 g. 

Fat .. ,, ' 

18 g. 

10-30 g. 

21 g. 

3-41 g. 

Carbohytlrate 

449 g. 

3 1 7~,~>:i4 g. j 

007 g. 

323-717 g. 

Calories 

2.140 

1.440-3,170 1 

2,380 

1,590-3,191) 

Percentage of calories from rice ' 

82 



1 

Percentage of calories from 1 
tapioca. | 

Calcium 

1 

0-19 g. 

73-.S9 1 

0-1 1-0-31 g. 

34 

0'4fi g. 

22-54 

0-23-0-75 g. 

Phosphorus . , . . i 

0-94 g. 

0-71-1-21 g. 

1-00 g. 

0'63-l-ir> g. 


Table II. 

Mean intake of various foodstuffs. {Oz, per consumption unit per day). 



j Group I (16 families). 

Group II (9 families), 


Oz, 

( Remarks. 

1 

Oz. 

1 Remarks. 

Milled parboiled rice 

18 

1 

9 


Tapioca 

None 

.. ' 

18 


Pnl.se, s 

1 


1 


Leafy vegetable.s 

Other vegetables 

Fresh whole milk 

3 

Consumed in very 
small amount.s by 
three families. 

Intake negligible 

8 

Consumed by only 
family. 

Yams formed 75 per cent of 
the intake. 

Intake negligible. 

Butter-milk ; curds 

None 


2 

.. 

Fruits 

None 

• • 

5 

Ban.ana and jackfriiit. 

Coco-nuts . . . . 1 

1 

0-1 

• • 

0-S 


Meat and fi.sh . . | 

Oils .. .. 

0-4 

Consumed in very 
small amounts by 
five famiUes. 

Mainly gingelly-oil 

0-3 

Mean of four families Iv oz. 
per day. Other families am 
not consume meat and fisa. 
Coco-nut oil. 
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It is notewortliy that most of the families were in regular employment, the usual 
daily earning of tea plantation coolies being about 6 annas for a man and 5 annas 
for a woman. It is probable, however, that most families were in debt. 

The Travancore group is of interest because tapioca is an important ingredient 
in the diet. This is reflected in the low protein intake ; tapioca, being a root and 
not a cereal, contains only 1 to 2 per cent of protein. Intake of ' other vegetables ’ 
and fruit was fairly high in this group. The outstanding defect of the diet is its 
low protein content. Both children and adults iu this district in which the survey 
took place are poorly developed and their general state of nutrition leaves much 
to he desired. 

Height akd weight oe children. 

Two hundred aud seventy-eight boys and 197 girls between the ages of 6 and 
15 living in the neighbourhood of Oollanuoor were weighed and measured. These 
children belonged to families living on a diet similar to that of families included iu 
the survey. The means for each age group are shown in Table III. In the Chart 
the means in the group are compared with those of other groups in South India. 
One of these consists of boys attending schools in Coonoor (Nilgiris), belonging for 
the most part to families of the same economic status as the group of plantation 
labourers investigated, and consuming the same kind of diet. Figures for boys and 
girls in the Madras Corporation Schools were obtained from the Annual Keports 
of the Health Department, Corporation of Madras, 1930-1935. 

Table III. 

Mean weighl and height for age of bogs and girls in a lapioca eating 
district {Oollannoor). 


Boys. Giels. 


Age. 

Number ' 
examined. I 

Average 
wciglit 
ill lb. 

Average 
height 
iu inches,. 

Age. 

Number 

o-xamined. 

Average 
weight 
in lb. 

Average 
height 
in inches. 

6 

i 

2o 1 

33 

•10-9 

6 

19 

33 

41-3 

7 

26 ; 

35 

44-2 

7 

27 ! 

35 

41-8 

8 

38 j 

38 

44-8 

S 

30 

37 

44-1 

9 

25 j 

39 

45-6 

9 

20 

30 

45-7 

10 

30 1 

42 

47-6 1 

10 

1 

29 

43 

46-3 

11 

32 1 

44 

48-2 1 


21 

i 

46 

48-4 

12 

34 i 

i 

50-3 

12 

30 

49 

50-3 

13 

31 

; 1 

54 

51-8 

13 

21 - 

54 

51-9 

14 

21 

56 

63'0 1 





io 

16 

65 

55-1 

•• 

•• 

•• 

•• 




Mean heights and weights of chiJdren ii. 

those of ChiJdren in othe?pSK SoSSa? 


mi Discussion. 

iJiese surveys while Ipqq 

eluded than other surveys respect of duration and numbers in* 

veys already earned out or in progress, are nevertheless with 
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recording since they addj^soinething to our kno\viedgc of dietary habits in India. 
It is of particular interest to note that the Travancore children were shorter and 
lighter than children living elsewhere in South India. The low average height 
and weight of the Travancore girls is particularly striking. There is no reason to 
suppose that this stunting of growtli is due to racial difference. It can reasonably 
be ascribed to dietary factors, the most important of which is a low intake of protein. 
When tapioca or some other root forms a considerable proportion of the diet, 
protein intake is likely to be small. Experiments have been carried out in which 
groups of rats have been fed on diets largely composed of tapioca. Growth on such 
diets is very poor, being in fact poorer than that observed when diets based on rice, 
resembling those consumed by the poor in South India, are given. The addition 
to a tapioca diet of pure protein (casein) in quantities roughly equivalent to 45 
grammes in the case of human diets greatly enhances the nutritive value of that 
diet for rats. The results of these animal experiments will shortly be published. 
It would appear, from the dietary investigations recorded here and the related 
e.xperiments on rats, that the present tendency in certain parts of South India for 
tapioca to replace rice as a staple food is undesirable from the standpoint of 
nutrition. Tapioca is a highly productive food crop, giving very large yields 
per acre. It is nevertheless, because of its deficiency in protein and probably in 
other food factors as well, unsuited to form the main ingredient in diets which 
are largely deficient in protective foods. 

Summary. 

1. The diets of tea plantation labourers in the Nilgiris and villagers in Travan- 
core have been studied. Both groups consumed an unsatisfactory diet. That of 
the Travancore group was particularly low in protein because of the large intake 
of tapioca. 

2. Boys and girls in the tapioca eating district were found to be smaller and 
lighter than children in other parts of South India living on a rice staple. This 
stunting of growth is ascribed to low protein intake. 

Acknowledgment. 

I acknowledge gratefully the help of Miss Ouwerkerk and Mr. Chakko in 
connection with the Travancore Survey. 

REFERENCE. 

JKausHNAX, R. G. Ind. Jour. Mtd. Res., 24, 3, p. 667. 




Ind. Jour. Med. Res., 26, •!, April, 1939. 


A SURVEY OF DIET ^U^D NUTRITION IN NAJAEGARH. 

DELm PROVINCE 

BY 

K. h. SHOURIE. 

Field worker attached to the Nutrition Rcseaiyh Laboratories, I. R. F. A., 

Cooiioor, S. India. 


[Heceivcii for publkation, November 2S, 1938.] 


The present investigation forms part of tlie sclieme initiated by the Nutrition 
Advisory Committee of the Indian Researcli Fund Association at its first meeting 
in June 1936, which has as its object the collection of data aborit the diet and state 
of nutrition of population groups in sample areas throughout India. 

The ..UtEA STXJWED. 

The district (thana) of Najafgarh is situated at the south-west corner of Delhi 
Province. Its principal town, Najafgarh, with a population of about 5,000, is 17 
miles from Delhi City. The total population of the area, according to the 1931 
census, was 42,736. 

A Health Unit, financed by the Government of India and the Rockefeller 
Foundation, was started in the district in 1937. The presence of the unit, which 
facilitated contact with the people, was one of the reasons why the area Avas chosen 
for survey. 

Climate . — The climate is typical of the Punjab, Avith extreme heat in summer 
Avhen the thermometer may mount to 115°F., and a cold Avinter with the day 
temperature falling to 36°F. or thereabouts. The ‘cold Aveather’ lasts from 
November to February ; April, May, and June are the dry ‘ hot weather ’ months ; 
July, August, and September are the ‘ monsoon ’ months of rain and heat. The 
usual annual rainfall is from 20 inches to 25 inches. 

Mortality and disease . — The recorded death rate for the last few years was about 
35 per mille in Najafgarh and 25 per mille in the surrounding A'illages, infantile 
mortality, 250 per mille urban and 210 rural ; birth rate, 60 per mille urban, 40 rural, 
f hese figures must be regarded with great reserve, owing to defects in registration. 
More exact data will be collected as the Health Unit’s work develops. It may 

{ 907 ) 



008 A Survey of Diet amt Nutrition in Najajyarh. 

however, be taken for granted tliafc the death, birth, and infantile mortality rates 
are all high. 

Jlalaria is very prevalent and high spleen rates have been recorded in the 
villages. There is much low-lying land, frequently under water during the monsoon 
months, which provides excellent breeding places for mosquitoes. No regular 
survey of the incidence of tuberculosis has been carried out, but it appears 
to be not uncommon. Outbreaks of cholera and plague have occasionally been 
reported. Small-pox has hitherto been common, but may be expected to 
decrease owing to the widespread introduction of vaccination in 1937. Leprosy is 
rare. Stone in the bladder is reported to be common in the eastern part of the 
district. 


Economic conditions, food supply, and diet. 

The great majority of the population is Hindu, there being few Mohammedans 
in the district. Nearly all the Hindu communities of North India are represented. 
Najafgarh town is the only important market and it is here that any surplus 
produce is sold and the villagers buy necessities such as clothes, salt, etc. 
Outside Najafgarh town the entire population is engaged in agriculture and lives 
on food produced in the district. There is no modern irrigation and in bad seasons 
there may be danger of scarcity or famine. 

The diet changes to some extent with season, followhig the succession of 
harvests. The principal food crops, and the seasons of sowing and harvesting, 
are as follows : — 


Crop. 


Time of sowing. 

Time of harvesting. 

Cambu (millet) {Peiiuisetam typhoidenm) 

June 

October. 

Cholam (Sorghum vulgare) 

• • 

June 

October. 

Black gram (Pliaseolus mungo) 

•• 



Green gram [Pliaseolus radialus) 

• 

June to July 

October. 

Horsse gram [Dalichos bijlorus) 




tVheat 


October 

April to May. 

Barley 


October 

March to April. 

Bengal gram [Cicer arklimim) 

■■ 

September 

March to April. 


During the winter months millet and wheat are the principal cereals e 
In the summer months wheat or barley are prominent in the diet : at this sea 
mixtures of cereals and pulse, e.g., wheat or Bengal gram ; barley and noi o 
gram ; or wheat, barley and Bengal gram, are commonly consumed. 

Vegetables are grown in only a few villages. The chief reason for this 
water in most of the wells is bracMsh or salt ; in some villages there is only one s 
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water well for drinking purposca. Vegetable sellers from neighbouring villages 
may come once or twice a mouth to villages in rvhich no vegetables are grown. The 
following vegetables are grown in the district : Spinach, fenugreek leaves, mint 
leaves, onions, brinjals (Solamm mclongena), lady’s fingers (Hibiscus esculenlus), 
cucumber, bitter gourd {^lomordica charaiilia), rape leaves. Bengal gram leaves, 
carrots, carrot leaves, bathua leaves. In general, intake of vegetables is very 
small. 

Fruils . — ^There are hardly any fruit gardens in the district and the population 
cannot afford to buy imported fruits. Intake of fruit is almost negligible. 

Milk and milk producls.—lhese are derived from both cows and buffaloes, the 
latter being the most important milking animal. The average daily yield per buffalo 
is about 11 pounds as compared to about I-fi pounds per cow. In the villages every 
household possesses one or two milch buffaloes. 

During the buffalo breeding season— July to September— millc is plentiful 
and can be bought in Najafgarh town at 30 lb. to 35 lb. per rupee. During the dry 
season — ^April to June — milk is scarce and its cost rises to 10 lb. to 15 lb. per rupee. 
At this season one may find that in a village of 26 to 30 families only 2 or 3 families 
can obtain milk. 

The practice of selling milk is increasing daily, this being the result of proxi- 
mity to Delhi City and Delhi Cantonment. It is probable, however, that milk 
intake is higher in the Najafgarh area than in villages nearer the Delhi market. 
Another factor which makes for a reduced milk consumption is the export of 
good milch cattle to Bombay and Calcutta. 

Ghee (clarified butter) is coirsunied by those who can afford it. Mustard oil 
is the most important vegetable fat. 

Meat and eggs . — Tradition and taboo prevent the eating of these foods. The 
great majority of the population is Hindu and does not take meat at all, while the 
few Mohammedans take meat very rarely. The game present in the district is 
not killed for food. One community — the chamars (shoe-makers) — consumes 
animal carcasses, 


Sugar . — ^Little sugar-cane is grown in the area. Some gur (unrefined sugar) 
is bought. 

The preparation and cooking of food . — The whole cereal is ground into flour 
and is usually made into chapatties (flat unleavened cakes heated on iron pans). 
These may he made either of wheat or of mixtures of wheat, barley and Bengal 
gram. Cambu and cholam are cooked singly and consumed in the form of chapat- 
taes. Mixtmes of cereals and pulses may be boiled and consumed as porridges. 
To such mixtures butter-milk may be added and the whole kept for some hours 
to allow fermentation to occur. Leafy vegetables are boiled and mashed, all pre- 
parations made frorn green leaves being called ‘ sag ’. Milk, which is always 
boiled, is consumed in various ways. It may be taken as whole milk, as whole 
milk curdled (curds), or as an ingredient in sw^eet dishes and various other food 
mixtores. A common practice is to remove fat by churning curdled milk and drink 
tne butter-milk which remains. This is usually diluted with varying amounts of 
water. Watery solutions of butter-milk are taken at any time of the dav hema 
particularly relished in the hot weather. ^ 
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' Comlilions of labour . — ^The villagers spend their time either at work in the fields 
or at home doing nothing. In the hot weather they begin work in the fields at 3 
to 1 a.m., and carry on until 10 to 11 a.in. In winter work continues all the day. 
The women help the men in the fields or at other forms of manual labour, and in 
addition have other work such as grinding flour, drawing water, milking and feed- 
ing cattle, curdling and churning milk, and preparing meals. Actually the women 
do more manual work than most of the men. Ail except very young children 
assist in the labour of the family. 


Diet surveys. 

In order to obtain a more accurate knowledge of food habits a number of quan- 
titative diet surveys were carried out in various parts of the district. 

The usual methods employed in the diet surveys of the Coouoor Laboratories 
were followed. House-to-house visits were made morning and evening to weigh 
uncooked food about to be consumed. In most cases the survey lasted 10 days. 
The recording of butter-milk consumption presented difficulty, since butter-milk 
may be diluted to any extent. To overcome this difficulty a lactometer was used, 
rough experiments have previously been carried out to correlate lactometer readings 
and the degree of dilution. By this means a sufficiently accurate estimate was 
obtained. In Table II the quantities of butter-milk consumed are stated in terms 
of the original whole milk. 

For calculating intake of calories, etc., the tables given in Health Bulletin 
No. 23 (1937) were used. The usual League of Nations (1932) scale of family 
consumption co-efficients was employed. 

In all, 101 families, comprising 531 persons, were studied. In additiou the 
diet of the District Board School Hostel, housing 19 persons, was investigated. 
Families may be grouped as follows ; — 

I. Twenty-five families engaged in very hard work, i.e., road-making- 

II. Ten families of townspeople living in Najafgarh town. 

HI. Sixty-six families living in four different villages. Of these H were 
engaged entirely in agriculture, while the remainder followed occiipa- 
tions ancillary to agriculture (pot-makers, carpenters, etc.). Ihe 
inquiries in the various villages were carried out at difierent seasons, 
and the results of these inquiries are grouped separately in Tables 
(group IIIo, b, G, and d) and 11. 

IV. Nineteen persons living in the District Board School Hostel. 
investigation was carried out in the hostel in February and 
May, with the object of comparing food consumption in cool and ho 
seasons. 


Economic status. 

Group I consisted of coolies earning from 4 to 6 annas per day. All family 
members, except young children, Joined in the work and were wage-earners. 

Group II consisted of small tradesmen with monthly incomes ranging fro® 
Es. 8 to Rs. 30. 



K. L. SJiourie. 


911 


Group III \Yas cliiefly composed of families living on tlie produce of their own 
land. Particulars of the amount of land owned, annual yields, and their value 
were collected, but since these seem somewhat outside tlie scope of the present 
article, they are not included. The villagers keep sufficient irrain for their own 
consumption and sell any surplus, itlost of the families o\\ iied some livestock 
including cows and she-buft'aloes. 

Group IV consisted of boys between 11 and 15, a teacher, and two kitchen 
servants. The boys came from neighbouring villages. It was tlieir practice to go 
to their villages every Sunday and obtain wheat, flour, ghee. etc. The wheat and 
flour were collected in a store from which they could be issued morning and evening. 


The nutritive v.vlue and composition op diets. 


Table I gives the average intake of calories, proximate principles, calcium, and 
phosphorus in the various groups. The period covered by each investigation is 
shown iu column Mean intake of the principal foodstuffs is shown in Table II. 

iMean calorie intake, as Table I shows, was above 2, COO per day in all groups 
and may be regarded as satisfactory. The mean for group III composed of village 
families (3,080) may be compared with that calculated for 29 village families in 
South India living on a rice staple (2,400) by Aykroyd and Krislman (1937). 
Protein intake in all the Najafgarh groups was much higher than in the South 
Indian group ; in the latter it was only 63 grammes daily. The advantage of the 
North Indian population in this respect is due to the consumption of a wheat 
instead of rice staple and a higher intake of pulses and miUc. Some animal protein, 
derived from millc, was included in the diet, while intake of animal protein in the 
South Indian group was negligible. The calcium content of the Najafgarh diet 
was fairly high because of the large intake of whole wheat and the not inconsiderable 
milk consumption ; mean intake of calcium compares well with that of the South 
Indian families referred to, which was 0-31. 

Intake of vitamin A and carotene was fairly high in most groups, the former 
being obtained from milk fat and the latter from whole wheat and Bengal gram. 
All the diets contained more than 1,000 International units of vitamin Bj, derived 
from whole cereals, and were thus more than adequate in this respect. With regard 
to vitamin C, however, intake was low owing to the low consumption of vegetables 
and the absence of fruits in the village group. It was calculated to be about 4 mg, 
per consumption unit per day, which is far below current estimates of human 
requirements. It must, however, he remembered that the surveys covered only 
short periods and that at other seasons a little more fruit and vegetable may be 
obtainable. 


Table II shows that whole wheat was the main item in diet of all groups 
IIIa> in which millet (cambu) was the most important cereal. Intake 
01 milk and milk products was reasonably high in certain groups ; group I 
however consumed no milk. The fact that milk intake in villages c and d of 
^ lower than that in villages a and b may be ascribed to the fact 
la. the surveys in the latter was carried out later in the year; as the hot 
y ea er advances, the cows and she-bulialoes go dry. It is clear, however, that 
in in the villages in this district is superior to that observed 

yhroycl and Krishnan’s investigation in South India, which was repeated 



Intalte of calories, proximate principles, calcium, and phosphorus per consumption unit per day. 
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Table II. 


Principal fooihtujfs in the. diet of the I'arious families. {Oz. per consumption 

unit per day.) 


Foodstuff. 

Group' 

Group 


Grooi- III. 

j 

Group IV. 

I. 

ir. 

a 

\ 

b 

i 

r 

it 

(f 

b 


' Whole wheat . . 

2(1-5 i 

in-n 

i-rt 

! 10-7 

140 

1 8-9 

20-0 

18-2 

Cere-ils 

Cambu 

2-1 

.4-8 

18-2 

7-0 

■■ 1 

1-3 


. . 


^ Harley .. j 


2-8 

2-5 

4-4 

2-8 

17-7 




Fube.s (chiefly 1 
Bengal gram), j 

8-4 

4-2 

2-C 

5-4 

i 

5-C 

2*2 

1*0 

1-9 

j 

Leafy 

i 2-4 

2-0 

1-5 

1-8 


i " 

0-3 

. » 

Vegetables J 

Root and tuber.s 

i o-,-> 

1 

j 2-0 

0-.4 

0-8 ' 

0-1 1 


5-0 

. « 


Other vegetables , 


1 0-1 


0-3 

0-2 

0-3 

0-7 

6-9 

Milk and 

f Milk 

•• 

f 

j 5-5 

10-8 

10-4 ‘ 

4*2 ■ 

3-57 

i 

3*3 

2-0 

milk 

produet.s. 

( Butter-milk .. | 

•• 

' 0-2 

i 

3-1 

4-0 

4-7 


•• 

•• 


1 Ghee 

•• 

• 0-3 

0-5 

0-8 

0-4 


2-5 

2-9 

Sugar or jaggery 

1*5 

\ 1 

, 1*5 

1 

0-4 

0-7 

0-8 


0-33 

•• 


No meat or fruit was consumed during the periods of inquiry. 


at two seasons ; about 75 per cent of the South Indian families consumed no milk 
at all, while consumption in the remainder rarely exceeded 5 oz. per consumption 
uiutper day. Of the 66 families in group III, 17 (25'7 per cent) consumed no 
milk during the period of investigation. Other salient points about the diets are 
the high pulse intake and the complete absence of meat and fruit. 

Attention may be drawn to one point of interest arising out of the survey of 
school hostel group (IV). The ages of the boys ranged from 11 to 15. 
ihe first survey (IVa) was made in February, when the weather is still cool, the 
second in the hot weather in May, when the thermometer may rise to 115°F. In 
the latter month calorie intake per consumption unit was estimated to be 2 630 as 
compared with 2,970 in February. This suggests that while calorie needs ’in the 
1 reduced, the saving is not very great. The surveys in the 

in 1 villages do not support the view which is sometimes expressed that 

hot weather in India ‘ much less food is required than in the cold weather ’. 


The state of nuteition of school children 
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in different villages. The various schools were visited in turn and all the children 
present examinet!. Education is not compulsory and many children do not attend 
school at all. Tlie investigation included 1,483 cliildren, 1,339 boys and 144 girls, 
all that could be found in the schools for examination in a district with a population 
of over 40,000. In general the children examined belonged to the families of the 
type included in the survey, some being members of these families. 

The children were weighed and measured. For weighing a spring machine 
was used, the accuracy of which was tested regularly by putting known weights on 
it. Weights were recorded to the nearest pound and heights to the nearest quarter 
of an inch. The children were weighed in shirts with dhoties or pyjamas and with- 
out shoes, caps, or turbans. Date of birth w'as taken from school registers ; the 
accuracy of the registers, however, cannot be guaranteed, because many families 
do not keep any record of the date of their children’s births. 

The children were also examined for the presence of angular stomatitis, 
xerophthalmia, phrynoderma, and caries and malocclusion of the teeth. 

Table III shows the average weight and height of boys in the age groups 5 
to 17. Averages for South Indian boys are sliowm for purposes of comparison, the 
latter figures being based on data collected by . the Coonoor Laboratories. In 
Charts 1 and 2 these figures are shown graphically, together with averages for 
better class American boys (Baldwin, 1924). 


Table III. 


Average weight ami height for age of boys in Najafgarh 

South Indian boys. 


district ami of 



Najafgarh ^uiea. 

South Indxah boi's. 

Age. 

Number 



Number 


Weight 

weighed 

Height 

Weiglit 

weighed 

Height 


and 

measured. 

in inehes. 

1 in 11). 

1 

and 

j measured. 

in inches. 

in lb. 

5 

i 

14 j 

1 

42'5 

37-8 



se-G 

6 

72 

43-6 j 

39-9 1 

1 i22 

! 42-8 1 

7 

142 

45-3 

42-2 

184 i 

44-8 

39-2 

8 

170 

47-3 

1 45-8 . 

1 186 

i 46-4 

42'1 

9 

183 

48-7 

i 48-8 

177 

48-0 

46-5 

10 

164 

49-9 

52-0 

203 

50-4 

50-2 

11 

135 

51-2 

' 55-8 , 

168 

51-4 

5i'6 

12 

119 

.53-5 

1 61-1 

133 

: 52-5 

55'6 

13 

106 

55-4 i 

1 66-6 

107 

55-9 

i 64-5 

14 

108 

1 57-7 

I 73-6 

.53 

56-6 

68-7 

lo 

73 

1 60-9 

S4-S 

49 

! 58-5 

1 74- i 

16 

38 

61-8 

' 91-0 



; 

17 

15 

' 64*4 

' 105-1 

• * 

• * 



Height 


K, L. Shourie, 


Cuabt 1. 


X 



Age in years. 

Height-age averages inlSTajafgarh, South Indian, and Atuerica,n boys. 


J, MB 


5 
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Char r 2. 


X 


.X 

X 


/ 

s/ 



O o Najafgarh 


South Indian 



Age in years. 

3;^® averages in Najafgarh, South Indian, and American boys. 
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Ifc is to be observed that the height averages of the Najafgarh and South Indian 
bovs are closely parallel. On the other hand, the Najafgarh boys are heavier 
(S'lD. to 5 lb.) at all ages— a fact which can also be expressed by saying that in this 
group the weight attained for a given height is superior. 

The incidence of clinical signs of deficiency disease . — It has been shown, by 
workers attached to the Coonoor Laboratories and others, that a valuable and 
practicable method of determining the state of nutrition of a population is the obser- 
vation of the incidence of certain clinical signs of deficiency disease. These are 
phrynoderma, angular stomatitis, and xerophthalmia. Reference has been made 
to these conditions, and their use in the assessment of state of nutrition, in a series 
of papers from the Coonoor Laboratories. 

In the present investigation the children were examined for the presence of 
these signs. The results are shown in Table IV : — 


Table IV. 


Incidence of clinical signs of deficiency disease. 


[ 

I 

isunibor I 
cxauiiRcU. 

1 

1 

Number 
showing 
clinical ; 
sigiia. j 

I’er j 
cent- 
ago. 

Number 
showing 
phryno- 1 
clorma. i 

1 

Per 

cent- 

age. 

Number 
allowing 
angular 
stomatitis. 1 

j,,.. .. 

Per 

cont- 

age. 

Number 

showing 

xeroph- 

tlialmia. 

Per 

cent- 

ago. 

\ 

i 

Boys . . 1 

1 

1.339 i 

j 

55 

i 

4-1 

17 

1-3 

' i 

1 : 
i i 

15 ; 

i 

M i 

i 

i 

23 ! 

1-7 

Girls .. ' 

144 

i 

1 ** 

1 2-8 

i 

•• 

•• 

2 

1-4 

i 

3 

2-1 


The percentage of children suffering from signs of deficiency disease was in 
general lower than that observed in South Indian investigations (Aykroyd and 
Raiagopal, loe. cit. ; Aykroyd and Krishnan, loc. cit.). The incidence of xeroph- 
thalmia was less than in Assam children as recorded by Wilson and Mitra (1938). 
Severe cases of angular stomatitis were not observed. The general condition of 
the children examined was fairly good, being visibly superior to that of poorer 
class South Indian children. 


Teeth. ^The teeth of all the children whose measurements were recorded were 
examined for dental caries and malocclusion. In recording the results of the caries 
investigation the children were divided into three groups ; (a) 6 to 8, (b] 9 to 11 


Table V shows the incidence of 
(boys). It is to be observed that the 


gross carries in various age groups 
examination for carfos was simply an 
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inspection of the mont], • 

‘'““y- Probe and 


■'ige. 

Number 
of boys 
examined. 

Percentage 
incidence of 
gross caries. 

^oys between « and 8 (inclusive) 

! 

1 384 

I 

lO'O 

Boys between 9 and 11 (inclusive) 

1 482 

9-5 

Boys between 12 and 15 (inclusive) 

406 

4-7 


"'!? “*7 Prr cent^ SL?.! i ■ . I” W* above tie age of 12 
the suggests that rlpn/^ ^ importance must he attached 

a biftn ciV low 3 In " ^ the district 

S wn he amount of caries amontr ^ villages at a distance fxc 

In European children ^^^^dren rs very low. 

Jenf'^Tf degree ”ff*cariP^'' collected by Mellanbv (1934), fi 

obsetvatior:ftl?efe^^^^ in |e ‘kfaig^SZerl 1“ 'a 

followed."' -“M be deteotfd V“S IttoT'of “iZ^S 

Malocclusio7i. — Tahlp VT n 

yZ 0*f“ 

The general result ffb‘ ■ 

*“>«ro2 cY4f&J“y»* 

world Re in position wbiel. ^ rvell-formed regular teeth and did 

Soutb T3'‘>“‘'r™hna Rao (nZblw “ oertain parte of tie 

and dilute'* ‘0 60 pe™?ent S observations) las observ4d that in 

It mav hp c>f the teeth in tbp school children show irregularities 

diet defipi'p Itat some lack of r1 suggestive of over-crowding. 

India i^csponsiblp fpj- },fT®^?P^fnt of the jaws, possibly due to 

incidence of ‘ malocdL'on ’'in South 
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Table VI. 
Malocclusion. 



1 

J 

0 i 
! 

10 

11 

12 

13 

14 

15 

^ Kumbeu 

OP BOVS: — 

1S3 

ICl 

135 

119 

1 

lOG 

108 

i 

73 

1 




Percentages. j 



Upper jate. \ 








(a) Teeth crowded with overlapping 
of crowns. 

(5) Teeth rotated about asis 

• • 


0-7 : 

0-S 

1-8 


• • 

(c) Largo gaps between incisors 
(central or lateral). 

2L-5 

15-S 

8-5 

4-2 

! S’4 

i 

2-7 

4-1 

(d) Incisor teeth protruding in the 
shape of fan. 

1-0 

^ 1-8 

1-4 

3-3 

1 

i 4'7 

1 

2-7 

•• 

(e) Lateral incisors erupted behind 
central incisors. 

•• 

•• 

•• 

! 

•• 

•• 

•> 

If) Other irregularities 

•• 

•• 

•• 

• • 


•• 

•• 

Lower jaw. 








{g) Teeth crowded with overlapping 
of crowns. 

2-1 

2-4 

0-7 

■’ ! 

1-8 

0-8 

1-3 

(A) Rotation about axis 

9-8 

7-9 

3-7 

1-7 

4-7 

2*7 

1-3 

(t) Lateral incisors erupted behind 
central incisors. 

3-3 

4-2 

3-7 

•• 

0-8 

4-G 

1-3 

(j) -Other irregularities 

0-5 

•• 

•• 

•• 

•• 


•• 


Discussion. 

The diet of the population studied in the present investigation may be described 
as moderately satisfactory. The fact that it is largely based on whole wheat and 
contains milk in fair quantities makes it definitely superior in many respects to 
diets consumed in the rice-eating areas of India. The superiority of whole wheat 
to rice as a staple cereal is particularly marked when rice is consumed in a hiehlv 
nulled state. ° 
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On the other hand, the Najafgarh diets are very deficient in vegetables and 
fruit and this appears to be their most important defect. Intake of vitamin C is 
low. It is to be observed that, while the general condition of the children is by no 
means unsatisfactory, infantile and probably maternal mortality in the area are 
high. To what extent dietary factors play a part in this it is impossible to say. 

To remedy the shortage of vegetables, the encouragement of kitchen gardens 
is de.sirable. The.se could he situated in one corner of the large yard surrounded 
by mud walls in which cattle are kept, and irrigated by waste water from the house. 
A small plot can grow a surprising quantity of vegetables. 

The theory that deirtal caries is related to deficiency of vitamin C receives no 
support from the present investigation. Intake of vitamin C is undoubtedly low, 
yet the children examined are remarkahh' free from gross caries as compared with 
children in Europe and the United States. 


Summary. 

1. A survey of diet and nutrition has been carried out in Najafgarh, Ddbi 
Province. The diet of 101 families, comprising of 531 persons, was studied tor a 
period of about 10 days. In addition the diet of the District Board School Hostel, 
housing 19 persons, was investigated during the cool and hot seasons. 

2. The diets, based on whole cereals and containing fair quantities of milk> 
were found to be satisfactory in certain respects. There was, however, a marked 
deficiency of vegetables and fruit, which represents the chief defect of the diet. 

3. Calorie intake in. the school hostel was found to he somewhat reduced w 
the hot weather, but the reduction was not very great. 

4. The ‘state of nutrition’ of 1,483 children was investigated. The average 
height of the boys was similar to that of South Indian hoys, hut the Najafgarh boys 
vsmre a little heavier at all ages. Signs of deficiency disease were rare and the 
general condition of the children was good. 

5. Ninety to ninety -five per cent of the children were free from gross caries 
and dental irregularities. 

The detailed records of the surveys are being preserved in the Nutation 
Kesearch Laboratories, Coonoor, and can be made available to any one wishing to 
use them for economic investigations, etc. 
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NUTRITIONAL INVESTIGATIONS ON BENGAL EISII. 


BY 
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AUD 


B. C. GHHA. 

{Uniunitij College of Science, Calcutta.) 


[Received for publication, December 30, 1938.] 


Fish constitutes one of tlie most important ingredients of tiie daily diet in 
Bengal among all classes of the population. The reason, no doubt, is that the 
Bengal delta is covered with a network of rivers and canals and a considerable 
supply of fish is available more or less throughout the year. The number of 
varieties of fish that are eaten is -^ery large, though a few of them are particularly 
popular. 

The nutritive values of these fish obviously deserve systematic investigation 
and we commenced work on this subject in 1932. Our previous investigations 
were concerned mostly with vitamin- A, -Bj, and -Bg values of a number of Bengal 
fresh-water fish and we found that the liver oils of some of these are considerably 
more potent in vitamin A than cod-liver oil, though not as rich as halibut-liver oil, 
and the body fats are, of course, very much poorer than the liver oils (Chakiavorty, 
Mookerji and Guha, 1933 ; Ghosh, Chakravorty and Guha, 1933 ; Ghosh and Guha, 
1934, 1935.) We considered it desirable to extend this research to include 
vitamin, protein, fat, and mineral contents of the difierent varieties of fish. 
It is known that the chemical composition of the same species of fish varies 
considerably with reference to season as well as the reproductive cycle and we 
intend to investigate such varieties in future. The effect of different methods of 
freezing and cold storage on the composition of fish seems to us to be worthy of 
study, as in Bengal owing to seasonal gluts a very large quantity of fish is allowed to 
perish every year. Valuable work in this connection has been done with reference 
to the fish of British waters by the Food Investigation Board of Great Britain {vide 
their Beport for 1936). It seems also worth while to investigate whether some sea- 
fish is available in the Bay of Bengal which might supply a liver oil as a steady 
source of vitamins A and D, for although the liver oils of some fresh-water fish 
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are potent sources of vitamin A, they cannot afford a large and steady sapply 
throughout the year. 

The present communication gives the results concerning the total \\ater, tody 
fat, total mineral matter, protein, ionizable iron, total iron, total calcium, and total 
phosphorus of 24 different varieties of Bengal fresh-water fish, and further results 
will be published in subsequent communications. 


Expebijibntal. 

Method of sampling. — As a rule, after recording the total weight of the fish and 
its general condition, the edible portion is separated from the bones and otter 
non-edible portions. Ordinarily the fleshy portion with its small proportion of 
inseparable tissue is analysed. The large-sized piece obtained by separating js first 
cut into slices and these are then run through an ‘ Enterprise ’ hasher twice for 
uniform mixing. 

Determination of moisture. — ^Tifty grammes of finely hashed sample are weighed 
by difference in a small porcelain dish and dried in a low temperature drying 
oven, the temperature maintained being dO^C. Drying, cooling, and weighing are 
continued until the weight is constant. 

Determination of ash or total mineral matter. — Ten grammes of the dried sample 
are ignited in a silica dish. The charred mass is extracted with hot water, 
through an ashless filter-paper, and the residue again ignited to a white ash. The 
extract obtained with the hot water digestion is evaporated to dryness in the same 
dish. 

Estimation of fat. — Ten grammes of the dried sample obtained after the 
determination of moistures are finely pow'dered, taken in an extraction thimhie, 
and extracted with petroleum ether for 16 hours in a Soxhlet. The solvent is 
evaporated from the extract, taken in a small glass basin on an electnc-batn. 
The last traces of the solvent are removed in an air-oven at 45°C. The residue .is 
cooled in a desiccator and weighed. 

Determination of protein. — Total protein is estimated by the usual Kjeldalil 
method. The nitrogen value was multiplied by the factor 6-25. 

Deteryninaiion of ionizable iron in the raw fish. — The method adopted was^ that 
of Hill (1930). The raw hashed fish sample is again thoroughly pulped in 
Five grammes of the sample are weighed and taken in a test-tube of 40 c.c. 
capacity and heated at 100°C. for 10 minutes. To this 10 c.c. of sodium aceta e 
and acetic acid buffer at pH 5-5 were added. After testing the pH of the nuic 
in the tube, 0-5 g. to 1 g. of sodium liydrosulphite (free from iron) is added. 1 
content of the tube is mixed well and allowed to stand over-night. 
is then made up to 20 c.c. with distilled water and filtered through whatma 
filter-paper and again centrifuged. To the clear solution thus obtained a fma 
crystal of a-a-dipyridyl is added and mixed well. The colour thus developed i 
matcbed against the standard and the amount of iron determined. 

For the estimation of iron, calcium, and phosphorus, the ash obtained 
method described was taken up in dilute hydrochloric acid and any insoluble resi 
was filtered off. The filtrate was made up to a known volume. 



K. C. Saha and B. C. Bidia. 


923 


Aliquots of this solution were used for the determination of iron, calcium, and 
phosphorus. 

Eslimation of iron . — Iron determination was carried out by the method of 
Elvehjem (1930). Ten c.c. of the above solution were taken, made distinctly 
alkaline with 40 per cent sodium hydroxide (iron-free), and boiled ior an hour. This 
was cooled, made acid with dilute hydrochloric acid, and diluted to a volume of 
50 c.c. The colorimetric estimation was then carried out as outlined by Kennedy 
(1927). One c.c. of the standard iron solution equivalent to OT mg. of iron was 
mi.ved with 5 c.c. dilute hydrochloric acid and diluted to 50 c.c. Aliquot portions 
(10 c.c.) of tlie standard and of the unknown were placed in stoppered cylinders, 
10 c.c. of amyl alcohol and 5 c.c. of 20 per cent potassium thiocyanate were added 
in each cylinder and the mixture was thoroughly shaken. The coloured layers of 
amyl alcohol were then compared in a colorimeter. 

Esiimalion of mlciwn . — A known volume of the ash solution was made just 
alkaline with ammonia, excess of 20 per cent ammonium acetate (10 c.c. to 15 c.c.) 
was added to it and the solution was freed from phosphates by means of dilute 
ferric chloride. This w'as filtered and washed with 1 per cent ammonium acetate. 
The filtrate and washings wore boiled with 2 g. to 3 g. ammonium chloride. One to 
2 g. of oxalic acid crystals were added to the boiling solution with continual stirring, 
a few drops of strong ammonia and a sufficient quantity of 3 '5 per cent ammonium 
oxalate solution were added w'hile the stirring was continued. The precipitate of 
calcium oxalate was filtered, w'ashed free from chloride with 1 per cent ammonium 
oxalate solution, and burnt to calcium oxide in a silica crucible. The above method 
was adopted from that of Richards, McCaffrey and Bishee (1901). The calcium 
was calculated as calcium oxide. 

Estimation of phosphorus . — The method adopted ^ras that of Burns and Hender- 
son (1935). An aliquot portion of the ash solution was taken ; 5 c.c. to 10 c.c. of 
concentrated nitric acid were added to it, which was followed by 20 c.c. to 30 c.c. 
of 34 per cent ammonium nitrate solution, and finally 70 c.c. to 80 c.c. of 3 per cent 
ammonium, molybdate solution were added. The solution was heated and the 
precipitate of ammonium phospliomolybdate allowed to settle. The precipitate 
was filtered and freed from acid by washing with hot water. The precipitate was 
then dissolved in a knorvn volume of 0-5 N sodium hydroxide solution and the 
excess of alkali titrated with 0'5 N hydrochloric acid, phenolphthalein serving 
as indicator. One c.c. of OS N sodium hydroxide was equivalent to 0-675 mg. 
of phosphorus. 

Tables I and 11 give the results concerning the mean values of water, body fat, 
ash, protein, ionizable iron, total calcium, total iron, and total phosphorus of the 
different varieties of fish, obtained usually from analyses of 4 to 7 samples 
of each kind. The zoological names of a few of these have not been obtained. 
Estimations of the glycogen and carbohydrates of the ffeshy portion indicated 
that they are usually present in negligibly small amounts. In the analysis 
ot the specimen there is usually a deficit of 3 to 6 per cent, which has not been 
accounted for and perhaps relates to extractives, etc. The percentage in Table 1 

f ranges of weights (column 4 of the 

table) indicate weights of the maximum and minimum sizes then available in the 
market and analysed. 
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Table II. 


Mean values of total calcium, total iron, and total j)hosphorus in fish. 


Bengali name. 

1 

1 Zoological name. 

Calcium in 
g. per 100 g. 
of raiv fish. 

Iron in mg. 
per 100 g. 
of raw fish. 

Phosphorus in 
g. per 100 g. 
of raw fish. 

Belo 

Glassgohius giuris 

1 

0-37 

104 

0-33 

Lata 

1 Ophictphalus punclalus 

0-61 

130 

0-53 

Koi 

Anabas tesludinais 

0-41 

135 

0-39 

Folui 

Nolopterus nolopients 

0-59 

169 

0-45 

Biiangar 


0-182 

121 

0-19 

Rohu 

Labeo rohita 

0-68 

85 

O'lo 

Klioj'ra 


0-59 

67 

0-22 

Katia 

Calla calla 

0-51 

76 

0-21 

Boal 

Wallago attu, 

1 0-16 

1 

62 

0-49 

i 

Kalabasu 

Labeo calbaau 

1 0-32 

83 

0-38 

Bhetka 

Lates calcifer 

0-53 

102 

0-40 

Magur 

Clarius batrachus \ 

0-21 

74 

0-29 

Feaha 


0-44 

115 

0-34 

Mrigal 

Cirrldna mrigala 

0-35 

109 

0-28 

Sole 

Ophcephalus strialue 

0-14 

54 

0-095 

Kuja vefcki 


0-40 

78 

0-23 

Mowrala 

Amblypharyn godonmola 

0-55 

90 

0-35 

Puti 

. • 

0-11 

96 

0-096 

Hilsa 

Clupea ilisa 

0-18 

213 

0-28 

Bugda cliinghri 

• • 

0-29 

137 

0-42 

Tengra 

. • 

0-27 

201 

0-17 

Biiangar bafca . . 


0-58 

112 

0-31 

Singhi 

Saccobranchus fossilis 

0-67 

226 

0-05 

Pafsey 

Mugil parsia 

1-05 

205 

0-70 


Summary. 

The percentage quantities of water, body fat, ash, protein, and available *** 
21 difierent varieties of Bengal fresh-water fish are given. The well-known 
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fish, hilsa {Chipca ilisa). Jias the higliest fat content, 19-4 percent, although its liv^er 
oil, as we had shown in earlier publications {loc. cil.), is not as potent in vitamin A 
as that of some other fish like rohu (Labeo rohila) whose total fat content is 
very much lower. The next best sources of fat are koi {Anabas tesHidineus) and 
bhaugar, each of which gave a figure of SS. The protein content, 22-8 per cent, 
is highest in singhi (Saccobranclms fossilis), which is also the best source of available 
iron. This fish has at the same time the lowest content of fat. ()-6 per cent. These 
observations may be related to the fact that this fish is popularly considered to be 
a valuable item of convalescent diet in Bengal. The calcium content, T05 per cent, 
is highest in parsey {Mugil pamia), which is also the richest source of phosphorus, 
viz,, 0-7 per cent, among the varieties analysed. The next good sources of calcium 
are singhi (Saccobranclms fossilis) and rohu. As regards the total iron content, 
singhi (SaccobrancJms fossilis) headed the list, viz,, 226 mg. per 100 g. of the raw 
fresh fish ; then come parsey and tengra. 
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ON COPPER CONTENT OE FOODS. 

BY 

S. C. CHOUDHUBY, m.sc. (Dac.), 


AND 

U. P. BASU, D.sc., P.R.s. (Cal.). 

{From (he Bengal ImmuniUj Research Laboratory, Cahuila.) 

[lleceived for pub!ic.ition, October 21, 1938.] 

Recent researches on e.x’perimental anaemias have revealed the importance 
of copper as a factor in tlie formation of haemoglobin of blood. Anaemia produced 
in young rats by a diet consisting mainly of cow’s milk was found by Waddell el ah 
(1928) to be cured by iron plus copper and not by iron alone. Cunningham (1931) 
further pointed out that the iron was stored in the liver in the absence of copper and 
that, after the administration of copper, the stored iron was used for haemoglobin 
formation. This relationship between iron and copper also finds support from the 
investigations of Josheps (1932) as well as those of Elvehjem and Sherman (1932). 

The question now arises how far these experiments point to the necessity and 
importance of copper in human nutrition when in the above experimental anaemias 
the amount of copper required for the conversion of the absorbed iron into blood 
hajmoglobin is very small (Rose el al., 1934). On the contrary, the metal being 
widely distributed in food materials should be amply supplied by an average mixed 
diet" to furnish sufficient copper to stimulate hoematopoietic action. The case, of 
course, might be different with children as copper like iron is present in very minute 
quantities in milk. Indeed results have already been published (Elvehjem et al.. 
1935 ; Usher el al., 1935 ; Goldstein, 1935) to show that small amounts of both iron 
and copper are often necessary to insure optimum hremoglobin formation in the 
blood of infants. The occurrence of the metal in all animal and vegetable products 
further points to its necessity for animal as well as plant growth. Naturally, 
therefore, from the nutritional point of view it would be of interest to know the 
percentages of the metal present in the different foodstuffs usually consumed by 
people of any locality. Accordingly, certain foodstuffs available in the local market 
w-ere analysed and the results of investigations are being recorded in this paper. 

As the intention was merely to have a general idea on the relative amounts 
of copper present in different food materials, the determination of moisture though 
imtially studied for certain substances (spinach containing 94 per cent; brinjal, 92’9 
percent, soyabean, 6 '43 per cent ; ‘patol’, 88 '9 per cent) was afterwards consi- 
dered to be of no practical value, and the amount of copper was directly ascertained. 
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Expkrijiental. 

“ colorimetric method of Bia2ro(1926) 

m s ca basins and the nitric acid solution“«?r ^1 f^^P^es were, however, ashed 

«»pnonium hydroxide m-p*^ the process of anaijsis was 

For fTi 9 ^tained in the laboratory bv^l ‘ ^ Passing ammonia gas into 

fhLf^ ffn^‘'ition of tile coloured comolp/ ^ ^9^ with nU-ghss joints. 
distilflTp ^ I'eagent quality anrl acetic acid and potassium 

+1 ^ standard glass-joint set beVor PF^dine (extra pure) was freshly 

copper-thiocyanate pyridine cimpoun^^ /^fter the extraction of thegreei. 

a few minutes for complete 

q n y compared with a standard" iii a Tn n- j^^^P^oform layer. It was subse- 
in ayerage of tw’o analyses in the rn<j ^ r colorimeter. The result ivas taken 
cereals and pulses Mill- vegetables and fishes, and of three, 

several times. ^om different sources was again analysed 

m. _ T\ ♦ 


d • 

in qne3tiom‘'"is nmsfofX mat“rii“°''"'^/" ‘‘.''">‘>^‘7 »[ the megeet 

copper in amounts about I part ner certain leafy vegetables contain 

caiTfolly with proper control, there shoiilrlLr^l ^'^periments w ere carried out 

0 jnew. In assaying of the' metal from 

and it would be better if this worP Pp i however, be different 

devoted to analytical work and wlmr io any other laboratory more 

ischer (1934), as modified by Svlvestpr^ i^t ’ extraction method of 

oulson (1936), may be followed Tn (1935) and recommended by 

0 In mg. to 0-25 mg. per litre StppnE^V cow’s milk is found to contain 

0-12 mg. to 0-2 mg. of coppeTper Sp cow’s milk to contain 

assay PP"" P«i Ptre. The Table below gives the results of the 


Table. 


Foodstuff. 


Bengali name. 


English name. 


Chaul (siddha) 


Botanical name. 


Percentage of 
copper in nig. 


Rice, parboiled, milled Ory^„ .atira 


>» (atap) , . 


Rice, parboiled, home- 
pounded. 


Rice, raw, milled 
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Table — conld. 




Foodstoff. 


Percentage of 
copper in mg. 

Bengali name. 


Kiigliah nanio. 

Botanical name. 

Chira 


Rico, rolled 

Orijza saliva 

0-346 

lloori 

. . 

Rice, parched 


0*297 

Atta 

. . 

Wheat, whole 

Triticum vulgare 

0-54 

Flour 

. . 

Wheat, milled 

$» 

0-195 

Suji . . 

. . 

Semolina 

» 

0-170 

Rooti 

.. 

Bread, brown 


0-26 

Sagu 


Sago 

Metroxylon sago 

0-203 

Barley 


Barley, milled 

Ilordeum vulgare 

0-361 

Jab, powder .. 

! 

Barley, home-pounded 

„ 

0-628 

Fala (sati) 

i 

• * 

.. 

Curcuma zeodorta 

0-383 

Slung dhal (kancha) 


Black gram (unroasted) 

Phaseolus mungo 

0-706 

Slung (roasted) 

•• 

Black gram (roasted) 

» 

0-624 

Slash kalai 


Green gram 

Phaseolus radiatus 

0-437 

Chhola 


Bengal gram 

Cicer arietinum 

0-946 

Slooaur dhal . . 


Lentil 

Lens esculenta 

0-70 

Athar dhal 

-• 

Bed gram • 

Cajanus indicus 

0-73 

.. 


Soya bean (black) 

Glycine hispida 

0-827 

.. 

• • 

„ (white, small) 


0-928 

Hingche 

• • 

. . 

Enhydra fiuctuans 

0-231 

Kalmi shak . . 

• • 


Ipomma replans 

0-191 

Belong shak .. 

• • 

Spinach 

Spinacia oleracea 

0-049 

Kopi (bandha) 

- - 

Cabbage 

Brassica oleracea 

0-051 

Buin shak 


• « 

Bassela cardifolia 

0-122 

Betel leaves 



Piper betel 

0-263 

Alu 

, . 

Botato 

Solanum. luberosum 

0-24 

Batdl 

.. 

• » 

Trichosanthes dioscia 

0-114 

Dharos 

•• 

Lady ’0 finger 

Sisbiscus esculenlus 

0-075 
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Table — concU. 


Foodstuff. 

Percentage o! 
copper in nig. 

Bengali name. 

English name. 

Botanical name. 

Begun 

Brinjal 

Solanum viehngena 

0-172 

Kancha kala . . 

Plantain, green 

Mnsa paradlsiaca 

0-10 

Kancha lanka 

Peppers, green 

Piper nigrum 

0-13 

Martaman kala 

Banana, ripe 

Musa sapientum 

0-30 

Champa kala . . 

>» 


0-17 

Paniphal 

Water ehestnut 

Trapa bhpinosa 

0-28 

Pesta 

Pistachio nut 

Pistacia vera 

1-OG 

Badam 

Almond 

Prunas amygdalis 

1-15 

China badam . . 

Ground nut 

Arachis hypogea 

0-90 

Methi 

Fenugreek seeds 

Trigonella fcBitumgrcecum 

0-79 

Sarisa 

Mustard seeds 

Brassica juncea 

0-05 

Doodh (a) 

Cow’s milk 


0-015 

ib) .. 

>> 


0-0178 

» (c) .. 


.. 

0'02I2 

Egg (fowl) 

*' 


0-18 

Chingree 

Prawn 


0-77 

Katla 

Cutla fish 

• • 

0-291 

Ilish 

Hilsa 

Clupea ilisa 

0-30 


Discussion. 

These results are being found to agree on the ivhole very 17611 with those o 
Lindow, Elvehjem and Peterson (1929). Prom the amount of copper presen i 
difierent foodstuffs, it is evident that an average adult diet consisting of > 
pulses, nuts, and fishes would afford about 3 mg. of copper per day, whereas accor u o 
to Chou and Adolph (1935) the daily copper requirement for a man is 2 
course all the copper of our diet may not always be available (Sherman et al., /• 
But there exists (Sachs et al., 1935 ; Hahn and Pairman, 1936) an inverse leJa 
ship between iron and copper ; that is when the iron content of the blood 
the copper content increases. Consequently a deficiency of copper in - 

to be improbable even in cases of anaemias. Indeed Duckies, Willis and B ^ 
(1937) have recently shown that hypochromic anamia of college women resp 
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as well to iron alone as to iron witli copper. Tlie daily copper requirement for 
normal cluldren according to Daniels and Wright (1934) is Od n)g. per kg. of body- 
weight per day. But cow’s milk is found to contain only 0-19 mg. per litre. 
From this it is evident that a diet according to Holt and Jlcintosh (1933) for an 
infant (who is being artificially fed), 3 months old weighing 12 lb., consisting of 
21 oz. of milk a day, would not afford more than 0-15 mg. of copper; whereas the 
infant requires about 0-54 mg. of copper for its proper growtli. The requirement 
is further considered to increase in cases of aiucmic infants (Jlarriott, 1935 ; Hawksley, 
193 1 ; Chou and Adolph, he. cif.). This, in other words, points to the necessity of 
treating the infants with copper. Actually the metal supplemented with iron has 
been found to cause a better response in the regeneration of blood limmoglobin in 
anajmic infants (Parsons, 1931 ; Lewis, 1931 ; Elvehjem ct al., 1937 ; Hutchison, 
1938). 

COXCLUSION. 

1. A number of cereals, pulses, and a few other Indian foodstuffs have 
been investigated with reference to the copper content. The nuts, pulses, cereals, 
and fishes are found to have the highest amounts, whereas cow’s milk is low 
in copper. 

2. From the amount of copper that is present in different foodstuffs it seems 
improbable that there is any serious copper deficiency in any adult mixed diet. 

3. From the low percentage of copper in cow’s milk, the question arises 
whether a trace of copper salt should be added in order to enrich the infant 
dietary. 
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H. D. G^ys^GULY, si.se., 

AND 

J. N. SIRDiVE, M.sc., 

Medico-legal and Toxicological Inquiry under the Indian Research 
Fund Association. 

{From the Department of Chemical Examiner to the Government of 

Bengal, Calcutta.) 

[Received for publication, December 31, 1938.] 

In a previous communication (Bagchi and Ganguly, 1937a) the result of an _ 
investigation about the lead content of urine and faeces of Indians was described. 
It has proved useful as an aid to diagnosis of chronic lead poisoning of industrial or 
occupational origin and in detecting malingerers who are coached to describe the 
symptoms of lead poisoning with utmost precision and who manage to pass in their 
feces as much as 239 mg, of lead per kilo (Bagchi, 1938). The lead content of 'urine 
and feces also gives an idea about the probable amount of lead intake and its 
concentration in the different organs of an individual. 

In fatal cases of acute lead poisoning, either accidental or suicidal, or for purposes 
of procuring criminal abortion, the victims usually survive for a few days and develop 
various complications which subsequently carry them off. During this interval 
the elimination of lead goes on steadily and nothing is left in the stomach. The 
examination of the stomach contents which are always sent along with the viscera 
does not in most cases show any indication of acute lead poisoning. The analysis 
ot the viscera (stomach, kidney, and portions of liver and small intestines which 
are usually sent for examination) shows only small quantities of lead — too small in 
comparison with cases of poisoning by arsenic and other metals. The maximum 
amount of lead found in the liver in one of our cases of acute poisoning by red-lead 
was 17^3 mg. per kilo [vide Table II), while in cases of arsenic poisoning 300 mg. or 
more of arsenic (as AsoOs) are usually found in the same organ and in one case as much 
as .,,900 mg. could be detected (Bagchi and Ganguly, 1937&). In such cases of lead 
poisomng considerable hesitation is felt in giving any opinion as to the cause of death, 

( 935 ) 
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especially in view of the fact that nothing is known about the lead content of a normal 
liver or stomach or any other organ. Tire belief (though lately shaken off) tliatlead 
is not a normal constituent of human tissues was a source of further complications 
in medico-legal analysis. Presence of small c|uantities of lead in viscera was, 
therefore, liable to be construed either as an accident or as an indication of lead 
poisoning. ' 


It has now been established that lead is normally present in human tissues as 
‘ an inevitable consecpience of life on a lead-bearing planet ’ (Kehoe el al, 1933(() and 
attempts are also being made to find out its physiological significance, if any. h' 
the absence of definite information as to the actual lead content of normal tissues 
of Indians, any opinion based on the findings of European and .American worlrersis 
likely to be fallacious and this investigation was, therefore, taken up froni a purely 
medico-legal point of view. An attempt has also been made to explain certain 
pathological conditions in the light of our findings regarding the amount of lead in 


different organs. 


The viscera of about 900 individuals are received annually in this laboratory 
from four different provinces, viz., Bengal, Bihar, Orissa, and Assam, for niedico-lega 
analysis. The materials for this investigation were supplied by the Police Surgeon 
of Calcutta, the Professor of Medical Jurisprudence, Calcutta Medical Collegi^ an 
by the Medical OfiScers in charge of the district and subdivisional towns, hvery 
possible care was taken to see that a fairly representative selection was made, 
hospital cases or cases with a terminal illness causing partial starvation and mere y 
a disturbed metabolism and an interference with the normal intake of 
carefully excluded. Only the cases of rapidly fatal street accidents, shoo mg, 
stabbing, suicidal hanging, etc., were selected for this investigation. 

The dithizone method of Lynch, Slater and Osier (1934), slightly modified to 
prevent the formation of an objectionable yellow colour -which interferes 
colorimetric matching and to get rid of the traces of oxidants lilrely to be F®®? 
in the solution, was employed. The modification consists in treating the oxicia 
products with ammonium oxalate at two different stages of the analysis as casu ) 
suggested by the authors. This method has been found to provide a ^ 

factory means for determination of lead in all biological materials, especially D 
and teeth. Although the spectrographic method is considered as the 
for determination of lead in biological materials (Boyd and Be, 1933 ; Cholax, 1 h 
the dithizone method, which requires no expensive apparatus, has been ^ 

Cholak el al. (1937) to be equally satisfactory and both the methods^ may 
with equal assurance as to the reliability of the results in the estimation ot am 
of lead in excess of one gamma ’. The close agreement between the 
duplicate analysis and the satisfactory recovery of added quantities of lea ^ 
hands demonstrate the accuracy and usefulness of the dithizone method forpmp 
of this investigation. 

About 25 grammes of soft tissues were taken for each analysis and most o 
determinations were made in duplicate. Experiments giving too high or 
results were repeated to discard or confirm them. Hair, teeth, nails, and 
taken in small quantities (2 g. to 5 g.). Merck’s ‘guaranteed reagents anct y.' 
glassware carefully treated with hot nitric acid were used throughout tim ^ 
Blanks were performed with every new bottle of reagents and new set o g 
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and tlie results of analysis were corrected accordingly. Steps were taken to remove 
all sorts of dirts and contaminations from materials sucli as hair, nails, tooth, and 
skin. The results have been shown in the following tables in the convenient form 
of inilligrams of lead (as Pb) per kilo of fresh materials ; — 


Table I. 

Lead content of normal tissues. 

The figures indicate milligrams of lead per kilo of fresh tissues. 


I Number of 
Tissues. [ Bpccimcns 
examined. 


QuaNTITV op MUD 
, POOXD IS THB TISSUES. 


llinimum. Jtaximum. 


1 Liver 

2 Kidney 

3 Spleen 

i Stomach . . I 

5 Small intestine ( 

6 Large intestine J 

7 Heart .. | 

8 Lungs 

9 Blood 

10 Thyroid 

11 Ovary . . ; 

12 Placenta 

13 Uterus 

1-1 Testes 

15 Brain 


16 Muscle 

17 Skin 


18 Scalp 

19 Pat 

20 Cartilage 

21 Bone 


22 Tooth 


23 Hair 
2'! Nails 



Nil, 0-Q75 mg., 0’09 
mg., OT mg., and 
O’l mg. respec- 
tively. 

"With its hair but 
without the sub- 
cutaneous fatty 
tissue. 

' After complete 
i depilation. 

From ribs and 
sternum. 

Rib S‘2 mg. to 8‘5 
mg. Tibia 6-8 mg. 
to 14'5 mg. Femur 
12 mg. to 22-6 mg. 
Humerus 89'3 mg. 
Skull bone 14‘8 
mg. 

Maximum of incisors 
19'0 mg. and of 
tricuspid 23 ’0 mg. 




Table II. 
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Table III. 

Lead content of fatal tissues. 
I^Iilligrams per kilo. 
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Table IV. 

Lead content of tissues of qjersons with liistonj of abnormal lead exfosure. 


Milligrams per kilo. 


Number. 

1 

Tissues. 

1 

I. 

Hindu female 
aged 22, 
death due to 
extensive 
burns. 

II. 

Hindu male 
aged 40, 
death duo to 
fracture 
of skull. 

III. 

Hindu male 
aged 26, 
death due to 
shock from 
injury. 

1 

Liver 

0-9S 

3-GO 

1-5 

2 

Kidney 

4-0 

3-90 

•• 

3 

Heart 

0-24 

0-90 

•• 

4 

Lungs 

OCO 

1-09 

3-0 

5 

1 

1 

Blood 

0-38 

1 

•• 

•• 

6 ! 

Spleen 

0-72 

1-87 

1 

•• 

7 

Stomaeh 

2-20 

1-10 

1 

i 

8 

Small intestine . . 

1 

1-50 

0-90 

1-2 

9 

Large intestine . . ^ 

1-87 

1-2 


10 

1 

Thyroid' . . ' 

0-46 

1 

•• 

11 

1 

Ovary 

0T7 

•• 


12 

Uterus 

0-60 

•• 

>• 

13 

Testis 

•• 

1-20 

•• 

14 

Brain 

0-90 

0-75 


15 

Cartilage 

1-70 

•* 

... 

16 

' Skin 

i 

0-75 


17 

Hair 

30-6 

•• 
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Table V. 

A compavulire siatcmcnl showi)ig the Maximum amount of lead found in 
normal tissues in different nationalities. 

Jlilligrams per kilo. 


1 ' . BiuTLsn. 

. j 1 ISDIAK. AMinncAS. (Keoordecl by Toiiip- 

Ku,uibcr.' Tissues. j (Taken from i able I (Uceoulcvl by Kelioe bott and Anderson, 
j 1 of this paper). ft oh, lO.’iiiO). 1935), 


. 1 i 

Liver 

1 

0-82 


0-80 

) 

4-C3 

1 

2 S 

Kidney 

*' 1 

0-71 


0-70 

t 

2-60 

3 

Heart 

• • 1 

0*7.5 


Trace 


•• 

4 

Lungs 

1 

1 

0-00 


0-30 


0-S8 

5 

Intestines 

.. 1 

0-68 


0-20 



6 

Spleen 

1 

0-.')2 


Trace 


0-9 

1 

7 

Cartilage 


3-25 


2-00 


1 




0-50 

(skin) 




8 

! Skin 

!i 

1-20 

(scalp) 

1-30 


•• 

9 

Brain 

. . 

0-10 

! 

o-io 


0-72 



( 

! 8-5 

frib) 1 

11-4 

(long bone) 

22-0 (rib). 

10 

Bones 

) 

1 

14-8G 

(fiat) 

i 

11-1 

(flat). 

•• 


Discussion. 

It will be noticed in Table V that the lead content of normal tissues of Indians 
is practically of the same general magnitude as recorded by Kehoe et al. (19336) in 
connection with two healthy cases, one of them being a negro. On the other hand 
our findings are much less than those recorded by Tompsett and Anderson (1935) 
who conducted the investigation on necropsy materials obtained not from healthy 
men but from patients who died as a result of varieties of terminal illness in the 
Glasgow Royal Infirmary. Such well-marked differences in the findings may be 
accounted for by the various aspects of normal lead absorption. The lead content 
of tap water of Glasgow is 0-03 mg. per litre (Tompsett, 1936a) against the 
maximum of 0-002 mg. found in the samples of water collected from different 
sources in Calcutta and its neighbourhood. The intake of lead in the food also differs 
respects. The nature and number of meals and the qu.ility and quantity 
ot food materials which are taken by the middle-class Indians, not to speak of the 
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UY 

C. R. DAS GUPTA, m.b., d.t.m. (Cal,), 

Rockefeller Research Fcllcnv. 

{From the Medical Professorial Unit, St. Bartholomew's Hospital, London.) 


[Hcceivcd for publication, December 31, 1938.] 


Ever since it has been known that the neutrophil leucocytes are the fighting 
forces of the body, attempts have been made to find a drug which is capable of 
calling forth young cells from the marrow. Leucocytosis due to an increase of 
neutrophils has been observed with a number of drugs but rarely has any attempt 
been made to find out if the leucocytosis was due simply to mobilization of cells 
which normally stagnated in the viscera or to the actual proliferation of new cells 
in the bone-marrow. 


I have, therefore, carried out experiments on rabbits with pharmacological 
agents reputed to be leucopoietic, to find out their mode of action and, if possible, 
to assess their value as leucopoietic agents. The drugs tested may be classified 
in the following groups : — 


(а) Substances generally reputed to be leucopoietic, e.g., pentnucleotide, 

sodium nucleinate, and liver extract. 

(б) Toxic substances, e.g., colchicine. 

(c) Sympathetic stimulants, e.g., adrenaline chloride. 

(d) Parasympathetic stimulants, e.g., acetyl-choline and carbaminoyl-choline 

(‘ Doryl Merck). 

(e) Parasympathetic depressants, e.g., atropine. 

briefly describe the methods and technique employed and then 

TOlfWif the action of each drug separately, and finally sum up the results obtained 
wna the different drugs. 


St. Bartho i® r the year 1936 at the Medical Professorial Unit, 

Tropical Medicine Cahmtta "'hhe holding a Rockefeller Fellowship from the School of 


a, MR 
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Experimental procedure. 

A. Exjierimenlal animals. 

Eabbits weighing about 2,000 g. to 3,000 g. and mostly over one year old (a few- 
younger were between the ages of six months and one year) were used for the experi- 
ments. The blood was examined several times before any experiment was carried 
out and only animals with a steady total wdiite cell count of not more than 
10.000 to 12,000 per c.mm. were used. Sometimes the same animal was used for 
different' experiments but the interval between two experiments was never less 
than two weeks and most often about four weeks. 


B. Collection of blood. 

The rabbits were placed in a wooden cage so constructed that the whole body 
remained inside the box and only the head peeped out, thus minimking the chances 
of struggling during the collection of blood. All samples w^ere collected at about 
10 a.m. When repeated daily injections were given, blood was always first collected 
before the injection was given. 


C. Examination of blood. 

1. Total ivliite blood cell cotmt. — ^Blood was taken up to the 0-5 mark of the 

white pipette and diluted to 1 in 20. Using a 1/6 objective, the squares in the 
centre of the field of the counting chamber wmre focussed and the tube was drawn 
out until the field measured eight-twentieths of a millimetre, i.e., eight times the 
length of t/he side of a small square. The area of the field was now almost equal to 
the area of 50 small squares. The count was made by counting the number of cells 
in 40 different fields. The calculation xvas made in the usual way, remembering that 
each field contains 50 squares and that the volume of each square is 1/4.000 c.nun. 
Thus, if there are 200 cells in 40 fields and the dilution is 1 in 20 the number of 

cells per c.mm. is ~ X 200, i.e., 8,000 and the same result is obtained by 

multiplying the number of cells by 40 if the dilution is 1 in 20 or by 20 if the dilution 
is only 1 in 10. In all cases the cells in both sides of a double counting chanibei 
were counted and the average of the two counts taken. This method, thougi 
more laborious than the usual method of counting, seems to be more accurate, 
as the cells of a very large area are counted and the multiplying factor is on y 
40 or 20. 

2. Differential white blood cell count. — small drop of blood from the same 
drop from which the pipette for the total white count was filled was taken wi ^ 
small platinum loop on a clean slide by a second person and the whole drop was 
used to make a thin smear occupying the middle of the shde. The smear 
stained by a modification of the May-Grunwald and Giemsa method, with ^ 
the dift'erent types of granulations and the lobulation of the polymorphonuciea 
neutrophils were very distinct and the Arneth count was carried out wi 
great ease. 
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In order to replace the usual expression for distribution of the cells in the 
Arneth count by a single figure, Ponder and Flint (1926) advocated taking the 
weighted mean of the observations by multiplying the cells of class 1 by 1, 
those of class II by 2, of class III by 3, and so on — the results being finally 
summed up and divided by the total number of cells counted. This method was 
used as it has the advantage that it can be graphically recorded and fluctuations 
however small can be noticed. A low value indicates the presence of larger 
numbers of young cells of classes I and II in the peripheral circulation and 
as such is of great value in distinguishing whether the leucocytosis is merely clue 
to re-distribution of cells from stagnated viscera or is due to young cells from the 
bone-marrow. 

3. Variation in the white cell count in normal rabbits. — A day-to-day count on 
a number of normal rabbits was done for over a month and a sample for a partic- 
ular animal is shown in Chart I. Table I. There are only slight variations in the 
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T^vblb I. 


Day-to-day variation in the white cell count of a normal rabbit. 


1 


NKurnopuiL. 

i 


LwuPBOom. 

Date, j 

i 

1 

1 

W. B. C. i 
total. 

Per cent. 

i 

' Total, 

1 

i 

‘ Weighted 
mean,’ 

Per cent. 

Total. 

2-12-35 . . 

i 

7,880 

i 

39-0 

3,073 

2-83 

51*5 

4,058 

4-12-35 . . 

1 11,000 

I 

28-0 

3,080 

2-66 

69*0 

1 

7,580 

6-12-35 . . 

1 

10,300 ! 

22-6 

2,327 

2-62 

74-0 1 

7,622 

9-12-35 . . 

' 9,240 j 

38-0 

3,511 i 

2*47 

60-0 

5,544 

f 

10-12-35 , . 

11,960 

31-0 

3,708 

2*51 

64*0 

7,654 

12-12-35 . . 

10,080 

28-5 

i 

2,873 

j 

2-61 

68-0 

6,854 

16-12-35 . . 

’ 11,400 

25-0 

' 2,850 

1 

; 2*73 

1 

73-0 

8,322 

20-12-35 . . 

' 10,360 

i 

' 35-0 

l 

3,626 

2*51 

58*0 

6,006 

24-12-35 . , 

i 

9,840 

35-0 

3,444 

2*47 

63*5 

6,248 

30-12-35 . . 

1 

9,920 

45-0 

4,464 

2*65 

60*0 

4,960 


under normal conditions and also after the subcutaneous and intravenous _ 

of fresh normal salt solution. In all cases (Chart 1-A, Table I-a) a 
rise in the total white cell count was noted but there was no appreciable cn a 
in the polymorph-lymphocyte proporlion in the difierential count nor was t e 
change in the weighted mean. 
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Chart 1-A. 
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Table 1-a. 

Diurnal variation in the white cell count of a normal rabbit. 


Time. 

W. B. C. 

total. 

Nedthophil. 

‘ Weighted 
mean.’ 

Lymphocyte. 

Per cent. 

Total. 

Per cent. 

Total. 

10 a.m. 

8,800 

30-0 

2,640 

2-19 

67-0 

6,896 

11 „ 

8,080 

30-0 

2,424 

• • 

67-0 

5,414 

12 „ 

6,800 

33-0 

2,244 

2-01 

66-0 

4,420 

1 p.m. 

10,000 

41-0 

4,100 


63-0 

5,300 

2 „ 

12,000 

37-0 

4,440 

2-04 

67-0 

6,840 

3 ,, • • 

9,190 

35-5 

3,662 

. . 

62-0 

5,698 

5 „ 

9,680 

32-0 

3,088 

2-08 

64-0 

6,195 


Table 1-6. 

After injection of 2 c.c. of fresh normal saline subcui 



1 

Neutbophii,. 

1 / 

Time. 

W. B. C. 


‘ Weigh' 

total. 1 

Per cent. 

- 

Total. 

I meai] 

\ 

' ^ 1 




22-0 I 1,610 

2 c.c. NaCl injected su| 
24-0 1,800 


4,940 

6,160 

3,010 

3,520 


OCXTE./ , 

/I ' 



6 - 
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After injection of 5 c.c. of normal saline intravenously. 


Time, 


W. B. C. 
total. 

1 

Nectbophil. j 

‘ Weighted 
mean,’ 

Lympiiocvtu. 

Per cent. 

Total. 

i 

' 1 

i Per cent. 

Total. 

Before injection 

10 a.in. 

]2,4t0 

390 

1 4,852 

.. 

1 69-0 

6,354 


U „ 


5 c.c. 

XaCl injected intravenously. 


1 Lour after injection 

12 „ 

11.(00 

40-0 

1 4,600 

1 

1 

1 

48-0 

5,472 

2 hours „ „ 

1 p.in. 

9,400 

460 

1 

. 4.326 1 

1 

47-0 

4,418 

•> * 

^ If »> »» 

o 

“ » 

10,000 

550 

i 

1 ! 
( s.soo 

! 

35-0 

5,600 

* If If it 

3 

10,300 

1 

{ 44*0 

! 4,752 1 

, 1 

1 

4P0 

4,428 

^ »> fl If 

i „ 

10,400 

1 45-0 

4,6S0 

i 

42-0 

4,368 

0 .. 

5 .. 

12,600 

j 47-0 

' 5,985 

i 

1 

t 

38-0 

4,788 


3. Fentnucleotide and SODimi nucleinate. 

Nuclein therapy was suggested purely on empiric grounds as early as 1893 to 
increase the germicidal power of the blood in bacterial diseases (Vaughan, 
Norj', and McClintock, 1893). Subsequent workers (Fox and Lynch, 1917 • 
Neymann, 1917) found that the hypodermic injection of nucleoproteins, nucleins" 
and nucleic acid produces leucocytosis of short duration, mainly due to increase in 
the polyrnorphonuclear leucocytes. Fox and Lynch {loc. cU.) noted that the 
leucocytosis was preceded by an initial leucopenia. Sabin (1923) in the course of 
examination of normal living blood cells found ‘ non-motile ’ polymorphonuclear 
neutrophils which occurred in ‘showers’ in the peripheral circulation. Doan 
and Zerfas (1927) correlated these showers of non-motOe leucocytes in human 
pathological conditions with subsequent increases of yormg motile neutrophils 
Both these observations suggest that the ‘xonal range’ of the leucocytes is 
inamtained by the disintegrating products of cells of the same type, and nuclear 
derivatives are an important component of these. The suggestion was strengthened 
finding of pentose-nucleotide in normal blood by Jackson 
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Chart 2-A. 

After repeated injections of pentnucleotide. 




lYeighied mean" of 6fic nuclear ioles. 
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at a low level. The neutrophils continued at a high level and the lymphocytes at a 
low level up to the si.xth hour after the injection after which both returned to the 
pre-injection level at the 24th hour. An occasional myelocyte was found at the 
second, third, and fourth hour after injection, i.e., at the height of neutrophil 


Table II. 

After single injection of 0-7 g. of ‘pentnucleotide intravenously. 



! 

NECTEOPHir.3. 


Lymphoovte. I 








Immature 

cell, 

per cent. 

Time. 

\V. B. C. 

* total. 

1 1 

Per cent. Total. 

1 

1 

‘ Weighted 
mean.’ 

Per cent. 

Total. 
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Table Il-a. 


A fter repeated injections of pentnucleotide intravenously. 


Date. 

Amount, 

g- 

W. B. C. 
total. 

Neutrophils. 

1 

1 ‘ Weighted 

1 Lyhphocyte. 

Immature 

cell, 

per cent. 

Per cent. 

Total. 

' mean.’ 

Per cent. 

Total. 

30-12-35 


. 0-35 

9,600 

15-0 

1,450 

, 2-23 

1 

83-0 

7,960 

Nil. 

31-12-35 

•• 

0*35 

9,920 

23-0 

2,282 

1 2-29 

j 

75-0 

7,440 

Nil. 

1-1-36 


0-35 

11,120 

26-0 

1,779 

i 

2-16 

82-0 

9,118 

Normo 1. 

2-1-36 


0-35 

10,840 

20-0 

2,168 

2*12 

76-5 

8,400 

Nil. 

3-1-36 


0-35 

11,320 

15-0 

1,698 

; 2-23 

83-5 

9,440 

Normo 1. 

4-1-36 


0*35 

9,000 

17-0 

1,530 

1 2-28 

1 

80-0 ■ 

7,200 

Nil. 

6-1-36 


0-7 

10,000 

33-0 

3,300 

2*23 

65-0 

6,500 

Nil. 

7-1-36 


0-7 

8,000 

24-0 

1,920 

] 2-27 

74-0 

6,920 

Nil. 

8-1-36 


0-7 

9,080 

24-0 

2,179 

2-29 

73-0 

6,620 

Normo 1. 

9-1-36 


0-7 

7,120 

28-0 

1,994 

2-13 

69-5 

4,947' 

Nil. 

10-1-36 


0-7 

8,760 

28-0 

2,453 

2-01 

67-0 

6,869 

Nil. 

11-1-36 


0-7 

10,000 

39-0 

3,900 

2T6 

56-0 

5,600 

Nil. 

13-1-36 


... 

8,840 

20-0 

1,780 

2-10 

77-0 

6,776 

Nil. 

14-1-36 


• • 

8,680 

31-0 

2,690 

2-00 

72-0 ■■ 

6,250 

Nil. 

16-1-36 

•• 

•• 

8,640 

21-0 

1,814 

1-87 

77-0 

6,653 

Nil. 


leucocytosis, but there was no increase in the staff or juvenile forms and the ^ 

mean remained unchanged throughout. After an intramuscular injection or U 
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gramme of sodium nucleiiiatc (Chart 3, Table III) there was slight leucopenia at the 
sixth liour and tliis was followed immediately by sliglit leucocytosis at the seventh 
hour which persisted up to the 2-ith hour, and returned to the level before 
injection at the -iSth hour. The lymphocytes, however, began to fall from the 
first hour after injection attaining the lowest level at the sixth hour and returning 
to the level before injection after the 2-Jlth hour, while the neutrophils began to rise 
after the first hour, attaining the maximum height at the seventh hour and not 
coming back to the level before injection till the 3Cth hour. Even during the period 
of slight leucopenia at the sixth hour, the neutrophils were at a much higher point 
than at the pre-injection level. An occasional myelocyte was found during the 
height of leucocytosis but there was no increase in staff or juvenile forms and no 
change was found in the weighted mean. 


Chart 3, 


Aftor injections of sodium nueJeinate. 


Ujoo - 

- 

33,SO{)' » 

t5,oa4 - 

- 

^.oaa « 

<J- - 



2 -- 

? 5 ' 


Wei^bied mean' of the nuclear laics. 


t — i- 




4 - 




- 4 - 

la 


- 4 - 

U 


7~rc^. Before injs. / 


C hre^^er tejs. 




4 1 »__ 4 . 

^ W 
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Tablk hi. 


After injections of sodium nucleinate. 





Numbev 


NEUTKOPimS. 


Lymphocyte. 

Immature 

cell, 

per cent. 

Date. 


Time. 

and 

amount, 

W. B. C. 
total. 

Per cent. 

Total. 

‘ Weighted 
mean.’ 

Per cent. 

Total. 



]0 a.m. 




35-0 

3,780 

1-80 

51-0 

5,508 

Nil. 



11 



• * 

• • 

•• 

•• 

• • 

•• 

■ 



12 „ 




60-0 

6,482 

•• 

20-0 

3,024 

ct I 

7-9-36 . 


1 p.m. 

. 



59-0 

10,266 

•• 

27-0 

4,658 

0-3 ■ 



2 



16,420 

57-0 

9,530 

1-60 

32-0 

5 , 352 ' 

„ 0-3 



3 » 



9,240 

75-0 

6,930 

•• 

15-0 

1,385 

Nil. 



4' „ 




70-0 

12,600 


20-0 

3,600 

Nil. 

8-9-36 

10 a.m. 

(2) 0-1 


52-0 

11,440 

1-76 

34-0 

7,480 

ct 0'3 
Normo 0'3 

9-9-36 

10 „ 

(3) 0-1 

15,200 

35-0 

5,326 

.. 

54-0 

8,208 

Nil. 

10-9-36 

10 „ 

(4) 0-1 


37*0 

4,736 

P60 

53-0 

6,784 

Nil. 

11-9-36 

10 „ 

(5) 0-1 



5,840 

•• 

60-0 

7,300 

Nil. 

12-9-36 

10 „ 

(6) 0-1 


42-0 

4,388 

•• 

44-0 

4,576 

Nil. 

13-9-36 

10 

(7) 0-1 

•• 

•• 


*• 

•• 

• • 

•• 

14-9-36 

10 „ 

(S) 0-1 

• • 

.. 

• • 

• • 

• • 

» • 


15-9-36 

10 „ 


10,800 

34-5 

3,728 

1-94 

48-0 

5,832 

Nil. 











— - — 
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Daihj repented iiijecliovs . — Three rabbits weighing- about 3 kilos each were 
injected intravenously with 0-35 gramnieof pentnucleotide daily for six days (Chart 
2-A. Table ll-u) and then with 0‘7 gramme daily for another six days. Altogether 
each animal had 12 consecutive injections of pentnucleotide or a total do.se of 0-3 
grammes of pentnucleotide. The animals tolerated the injections well without 
showing any reaction, kept fjuite fit and did not lose weight. During the whole 
period of the experiment there wa.s no great variation either in the total or differen- 
tial white ceil count and the weighted menu remained almost constant, there being 
no increase in the staff or juvenile neutrophils. No immature white cell wa.s found 
at any time during the experiment.' The experiment was repeated in two rabbits 
with sodium nucleiuate (Chart 3, Table fll) which was given in a dose of 0-1 gramme 
intramuscularly daily for eight days. With this drug too no increase in the total 
white cells or in the neutrophils was observed, the weighted mean remained con- 
stant, there was no increa.se in staff or juvenile neutrophil.s, and no immature white 
cell was found at any time during tiie experiment. 

Comment. — Leucocytosi.s, wdiicli was preceded by leucopenia and which was 
due to an increase in nentropliils, was .seen after both pentnucleotide and sodium 
nucleiuate. The leucocytosis ob.served after pentnucleotide, which was given by 
the intravenous route, appeared one hour after tlie injection and persi.sted only for 
three hours, whereas the leucocytosis obser\'ed after sodium micleinate. which was 
given by the intramiiscular route, did not manifest itself before the sixth liow but 
persisted for a longer period. Occasionally a myelocyte was found at tl)e height of 
the leucocytosis after single injectioii of the drugs. Daily repeated injections of either 
drug, however, failed to maintain a sustained leucocytosis and no immature cell was 
found at any time during the period of observation. With both single and repeated 
injections the weighted mean of the nuclear lobes remained almost constant and 
there was no increase in staff neutrophils- These rabbits received 6-3 grammes of 
pentnucleotide, almost double the dose which was given by Doan to his rabbits, but 
still HO strilcing granulocytosis was observed in the peripheral circulation nor 
was there any shift to the left of the Arneth count as has been claimed by Doan 
(1932a, b). It is seen from Doan’s chart that a biopsy of bone-marrow was 
done on 24ih January. Pentnucleotide injection was started on 26th January, 
only two days after the biopsy, and was given at irregular intervals, and the 
whole experiment was completed within one week from, the date of the biopsy 
It is also seen from the charts that the total leucocytes varied from 10,000 to 
15,000 per c.rnin. and the total neutrophils from 3,500 to 7,200 and not from 
2,700 to 8,200 per c.ram. as is claimed by Doan, if, as is only fair, the initial count 
be taken before the biopsy of the bone-marrow and not after it. It is further to be 
noted that the maximum leucocytosis in most cases came shortly after the injections 
were given. 

From my own experiments and fi:om the analysis of Doan's chart, there is stron" 
reason to suppose that the leucocytosis observed by Doan was well within the normal 
range of variation. It was due mostly to re-distribution of cells but partly to the 
infianmiatorjf process following biopsy, and the latter was enough to account for 
the shift to the left in the Arneth corat. This view is farther supported by the 
absence of any immature white cells in the peripheral circulation. The leucoc^osis 
observed after single doses of pentnucleotide and sodium nucleinate may he due 

J j JIB o 
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lo a certain extent to a cliemotactic eft'cct of the drug on normal myeloid foci, as is 
evident from tlie findings of an occasional m 3 mlocyte at the height of leucocytosis, 
but in the main it is due to mobilization of cells stagnating in the viscera. This is 
almost conclusively proved liy the constancy in the weighted mean and the absence 
of any increase in staff forms. The absence of any sustained leucocytosis after 
repeated injections of either drug confirms the ^dew that the)'- are ineffective in 
inducing proliferation of the leucopoietic tissues. 

2. Liver extract. 

j\Iost of the experiments reported on the action of preparations of liver on the 
leucopoietic S 5 '-stem were carried out on human beings — healthy volunteers and 
patients in hospital — and though human beings under basal condition are less likely 
than animals to show variations in total and differential white cell count, still reports 
on the effect of the drug are rather conflicting. Thus, Cornell (1928) -who gave 240 
grammes of liver for four weeks to four normal persons, and Watkins el al. (1928) 
who gave .300 grammes of liver for 10 days, rlid not find any change either in the 
total or differential white cell count. Powers and Murphy (19.33) found that 
the injection of concentrated liver extract in normal individuals was followed by 
neutrophil leucocytosis which was maximal in six to seven hours. Meyer, Middleton 
and Thewlis (1934) found that parenteral administration of concentrated liver extract 
was ordinarily attended by an early fall in tlie wliite cell count and subsequently 
by constant leucocytosis due to increase in the neutrophils in four normal 
and three abnormal cases. The maximal count was reached three hours 
after intravenous injection and five hours or later after intramuscular injection. 
Powers (1935) repeated his experiments not only to confirm his previous results 
but also to determine whether the attendant leucocytosis was due to the liberation 
of mature neutrophils, juvenile forms, or both. By injecting 3 c.c. of fiver extract 
intramuscularly in seven healthy persons, he again found a neutrophilic leucocytosis 
about six hours after injection, which was due mainly to increase in the 
juvenile forms, and he concluded that the leucocytosis induced by the intra- 
muscular injection of fiver extract is due either to direct or indirect stimulation 
of the marrow. 

In the series of experiments that were performed by me with fiver extract, 
two rabbits were injected intravenously with 4 c.c. and 8 c.c. respectively of Neo- 
Hepatex (Evans) and the blood examined at short intervals up to six hours after 
the injection (Chart 4, Table IV). In both the animals a definite leucocytosis. due 
entirely to an increase in the neutrophils, was observed — the maximal increase 
was more pronounced and was noticed after three and a half hours after 8 c.c. 
injection, while maximal increase was less pronounced and manifested itself after 
four and a half hours after 4 c.c. injection of the drug. A slight fall in the 
weighted mean of the Arnetli count due to increase in the staff forms was observed 
in both cases but no immature white cells were found at any time in either animal. 
A slight leucopenia due to rlecrease of both neutrophils and lymphocytes was 
noted 15 minutes after 8 c.c. injection and this leucopenia continued up to 
one hour. Thus, the results with single injection of fiver extract corroborate in 
the main the findings of Powers and IMurphy {loc. cit.), hleyer, Middleton and 
Thewlis {loc. cit.), and Powers (he. cit.). 
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Table IV. 


After single injection of 8 c.c. of Neo-IIe])niex intravenously. 




Nuutrophils, 


Lymphocyte. 


Time. 

W. B. C. 

total. 

Per cent. 

Total. 

1 

‘ Weighted 
mean.’ 

Per cent. 

Total. 

Ininiature 

cell, 

per cent. 

Before injection 

11,150 

35-0 

3,002 

1-76 

48-0 

5,352 

Ail. 

J hour after injection . . 

7,280 

33-5 

2,439 

1-74 

02-0 

4,513 

All. 

1 

*■ 97 • • 

0,880 

40-0 

3,165 

1-65 

50-5 

3,474 

Ail. 

IJ hours „ „ 

12,000 

50-0 

0,000 

1-50 

34-0 

4,080 

A/l. 

2-^ 

!),400 

50-5 

5,503 

1-45 

30-5 

3,713 

Ail. 

3} „ „ .. 

28,000 

70-0 

22,120 

1-43 

16-5 

4,620 

Ail. 

97 )» * • 

14,880 

75-0 

11,160 

1-54 

22-0 

3,273 

Nil. 

^2 97 99 99 • • 

0,700 

.5G-0 

3,785 

1*52 

41-0 

2,747 

Nil. 

24 )) 39 * ' 

8,000 

34-0 

2,720 

1*78 

60-0 

4,800 

All. 


Repeated injections . — It was now decided to observe the effects of the repeated 
injections of liver extract in normal rabbits to find out if it was capable of producing 
and maintaining a sustained leucocytosis. With this object in view two rabbits 
were subjected to repeated daily injections of liver extract — in one case by the intra- 
venous route in doses of 2 c.c. daily for 14 days (Chart 4'A, Table IV-a), in the other 
by the intramuscular route in doses of 4 c.c. daily for 17 days. A definite prolonged 
leucocytosis due to increase of neutrophils was never observed in either case, ratlier 
a slight lymphocytosis for a short period was observed for the first few days when 
the injection, was given intramuscularly. The ‘ weighted mean ’ in both instances 
was almost constant and no immature white cell was observed at any time during 
the period of the experiment. The red cells and hcemoglobin remained, almost 
constant throughout the experiment. A rise in the reticulocyte count was, howev er, 
noticed in both animals from the seventh injection onwards. Both the annuals 
were in good health and did not lose any weight during the whole period ot tlie 
experiment. Both the animals were killed after the experiment and the examina- 
tion of the bone-marrow revealed a very cellular condition of the marrow -wi i 
leucoblastic areas slightly in excess of erythroblastic areas. It is probable tlia 
the reticulocytosis and the hyperplasia of the bone-marrow were merely the rcsii 
of repeated examinations of the blood, as the amount lost in this way may ® 
significant in a small animal like the rabbit. 
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Table IV-a. 


After repeated injections of Neo-Hepatex intravenously. 


Date. 

Number and 
amount, 

e.c. 

W. B. C. 
total. 

1 

I Nedtropiuls. 

T 

1 

‘ Weighted 
mean.’ 

Lymphocyte. ^ 

Per cent. 

1 

Total. 

Per cent. 

Total. 

-j iimuature 

1 cell, 

1 per cent. 

1 

j 

27-4-3G . . 

(1) 2 

8,800 

44-0 

3,872 

2-06 

53-0 

4,664 

1 

I Nil. 

2S-4-3G . . 

(2) 2 

9,300 

39-0 

3,534 

2-25 

57-0 

5,301 

j Nit. 

29-4-3G . . 

(3) 2 . 

1 11,000 

40-0 

4,840 

1-92 

49-0 

5,390 

j Nil. 

30-4-3G . . 

(4) 2 

10,320 

. . 

. . 

, , 


, 

1 

i * * 

1-5-3G . . 

(/,) 2 

9,760 

39-0 

3,809 

1-92 

54-0 

5,270 

i Nit. 

2-5-3G 

(6) 2 

8,660 


. . 

. . 

, • 

. • 

1 

1 

4-5-3G . . 

(7) 2 

7,500 

46-5 

3,487 

2-09 

47-5 

3,562 

[ Nil. 

5-5-36 . . 

(8) 2 

9,600 

. . 

. • 

» , 


. . 

1 

1 

1 

6-5-36 . . 

(9) 2 

11,200 

53-5 

5,992 

2-02 

40-0 

4,490 

Nil. 

7-5-36 . . 

(10) 2 

11,000 

. . 

.. j 

. . 

, . 

. . 

.. 

8-5-36 

(11) 2 

• • 

. . 

1 

1 

. . 

, , 

. . 


9-5-36 

(12) 2 

8,000 

49-0 

3,920 

1-98 

45-0 

3,600 

Nil. 

11-5-36 .. 

(13) 2 

7,640 

45’5 

3,476 

2-04 

48'5 

3,705 

Norino 1/300. 

12-5-36 . . 

(14) 2 




. 

. . 

. . 


13-5-36 . . 

1 

8,640 

40-5 

1 

3,509 

1-89 

54-5 

4,709 ‘ 

Normo 1/300. 


Comment. — It is evident from my experiments on rabbits and from the experi- 
ments of Powers andMurpby (Zoc. cz'Z.), Meyer, Middleton and Thewlis {loc. cit.), aud 
Powers [loc. cit.) on human beings that single injection of liver extract in large 
doses produces a leucocytosis of short duration due to an increase in the neutrophils. 
The leucocytosis is observed three to four hours after an intravenous injection and 
six to seven hours after an intramuscular injection. Evidently the leucocytosis is 
not merely due to re-distribution of cells from the viscera but to a certain extent to 
influx of pre-formed cells from the bone-marrow, as is evident from an increase ol 
staff forms and consequent lowering of the weighted mean. That the leucocytosis 
was not due to squeezing of the spleen was almost conclusively proved by Meyer and 
others who demonstrated leucocytosis with the injection of the drug in one case of 
Banti’s disease and in another 'case of hremolytic icterus, both before and after 
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splenectomy. It is iicverflicless difficult to agree with Powers [loc. oil.) in his asser- 
tion that tile leucoeytosis was due to direct or indirect stiuiuktion of the marrow. 
If the leucocytosis wa.s due to stimulation of the marrow, repeated injections of the 
drug should have caused a sustained leucocytosis if the marrow was not completely 
devoid of leucopoietie cells, hut uo leucocytosis was maintained, as will be seen 
from the eluvrt, though the marrow wa.s slightly h)^perplastic. If the hyperpilasia 
of the marrow was due to the stimulating etlcct of the drug, that stimulation was 
not suilicieut to induce a sustained leucocytosis in the peripheral blood. The 
leucocytosis observed within three to seven liours after the injection of the drug is 
probably due to some transient clicmotactic action by which pre-formed reserve celLs 
from the marrow arc temjiorarilv drawn into the peripheral circulation, but after 
only a short stay the cells leave to stagnate in the various viscera of the body. 


;h Col.ClllClNK. 

Colchicine e.verts two ilistinet tyjies of action— one immediate, like most 
alkaloids, and the other remote, after it lias been in tlie circulation for somehouns, 
like the toxins. The immediate effects are exerted on plain muscle and the 
automatic movements of the plain muscle throughout the body are augmented. 
Thus, peristalsis is increased and splenic, uterine, and bronchiolar muscles show 
augmented tonus and movements. The remote effect comes on very slowly and is 
shown as gradual paralysis ol' the central nervous system, bearing a close 
resemblance to the effects of snake poison and toxins. 

Dixon and iMalden (1908) made thorough studies of the pharmacological action 
of colchicine with special reference to its action on the blood. Their studies on the 
blood were based on elaborate experiments on rabbits, rats, dogs, and in a few cases 
on men. The drug was administered in watery solution of 0'5 to 1 per cent by 
subcutaneous injection. They found that after the injection of a single large dose, 
0-005 g. to 0-02 g., of colchicine in rabbits, there is at first a stage of leucopenia which 
is seen one hour after the injection and is almost entirely due to neutropenia, the 
decrease of the lymphocytes being relatively insignificant. The white cells return 
to normal levels three hours after injection, mainly clue to increase in lymphocytes. 
The white cell count continues to increase and attains its maximum level 18 to 
24 hours after the injection. The increase up to the eighth and tenth hours is 
mainly due to lymphocytosis, after which the lymphocytes fall to the normal level, 
and the increase at t)ie maximum level at 18 to 24 hours is mainly due to increase 
m the neutrophils. Immature cells, myelocytes as well as normoblasts, were 
frequently seen at the later stages of the experiment. Similar experiments 
conducted by the same authors on rats, dogs, and on men showed the same type 
of action on the blood. 

My experiments on the action of colcliicine on the blood of rabbits corroborated 
exactly the results obtained by Dixon and Malden (Chart 5, Table V). The initial 
eucopenia was mainly due to a fall in neutrophils. The subsequent rise in 
teucocytes was due to increase in the lymphocytes up to the eighth hour but 
tlie leucocytosis at the 24th hour was due entirely to the increase in the 
neutrophils the lymphocytes having regained the level before injection at the 48th 
nour. Myelocytes and metamyelocytes were found in large numbers from the 
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fifth to 24th hour ; an occasional normoblast was also found during this period. 
Additional evidence of the presence of young white cells was found in the lowering 
of the weighted mean due to increase in the staff neutrophils. The ‘ weighted 
mean ’ continued to be low even at the 48th hour, when the leucocytes had 
reached their normal level, but it came back to the original pre-injection level 
on the third day after the injection. 


Chart 5. 
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Table V. 


After simjle .•iubcitlaiicoHs ufcclion of O-OI 7. of colchicine. 






Xi;uTaointi(.s. 

1 

LvMritocvTE. 











Immature 

cell, 

per cent. 


Time.' 


W. B. C. 
total. 

Per cent- 

Total, j 

i 

* Wcigljtml 
mean.* 

Per cent. 

Total. 

i 

elore injection 


1 

IfO 

1 

4,018 1 

2-17 

50-0 

1 

1 

4,000 

Nil. 

} hour 

after injection . , 

G,G10 

20-0 

1,32s ; 

2-03 1 

70-5 

5,080 

Nil. 

i >, 

y» 

»» * • 

i 

0,300 

1 

18-5 

1,121 

1-90 ' 

78-0 

4.9M 

Nil. 

1 „ 

»» 


•1,.-j00 

IS'O 

310 

I'SO 1 

1 

80*0 

3,G00 

Nil. 

2 hours 


J» • • 

0,000 

13-0 

7S0 

I 

1*81 , 

S4'0 

6,040 

Nil. 

3 „ 

M 

l» • • 

10,000 

10-0 

1,000 ! 

1-74 i 

OO'O 

9,694 

Normo 1/200. 

1 


ti » • 1 

11,000 

12-0 

1,428 

l-SG 

87-0 

10.353 

Normo 1/200. 

j 

♦» 

>» • • 

i 

10,000 

17-0 

2,832 

1-72 

S2'0 

13,601 

Met 2, Normo 
1/200. 

0 . 

It 

»» • • 

i 

20.280 

1 

19-0 

1 

3,853 

1-08 

78-0 

15,818 

Met 1’7, Noj-mo 
1/200. 

7 .. 

J» 

It • • 

25,720 1 

15-5 

3,987 

1-74 

80'0 

20,670 

Slot 4, Normo 
3/200. 

s .. 

■’» 

Jf • • 

‘24,340 

24-0 

5,842 

1-00 

69-5 

16,916 

i 

( 

Normo 2/200, 
Met 5, Mmct 
1-5. 
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it • • 

34,020 

70-0 

24,4« 

1-03 

14-5 

4,943 

Normo 1/200, 
Met G'5, Mtnob 
7-5. 

SO 

• ij 

48 

it 

>» 

23,500 

58-0 

13 , 00.5 

i- 4 S 
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Met S, Mmct 
7. 

’> 

»» • • 

0,060 

30-0 

1,098 

1-50 

53-0 

3,630 

Mot G, Mmct. 
5. 

72 

i* 

” 

>> • • 

10,200 

39-0 

3,978 

1-93 

50-0 

j 6,010 

Normo 1/200, 
Met. 1. 
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Dixon and Malden found tliat when the animal was killed in the stage of initial 
leucopenia, one hour after injection, the marrow was teeming ^vith cells, while in 
another animal, when the section Avas made 12 hours after a single dose of colchicine 
at a time when there Avas marked leucocytosis in the peripheral circulation, the 
marroAv Avas almost denuded of cells. Sections made from normal animals from 
the same litter shoAved a condition as regards the number of cells intermediate 
between the above two. Almost similar residts were observed by me in the 
bone-marrow of the rabbits. In a rabbit which Avas killed four hours after 
a dose of 0*0075 gramme of colchicine subcutaneously, the leucocytes Avere 
going up and had already risen from 6,200 to 10,000 per c.mm. in the 
peripheral circulation. There Avas preponderance of leucocytes throughout the 
marroAv smear, there being as many as ov&v 30 per cent neutrophil myelocytes ; 
the section Avas also very cellular, leucopoietic areas being far in excess of 
erythropoietic areas and the whole section teeming Avith granular cells. In 
another rabbit Avhich AV'as killed 16 hours after the injection of O’Ol gramme 
of colchicine, Avhen the peripheral leucocytes had gone up from 10,120 to 

20.000 per c.mm., cells Avere scanty in the marrow smear Avith a preponderance of 
erythroblastic cells ; 54 per cent of the total cells Avere normoblasts, and the 
section Avas denuded of marrow cells except in patches Avhere erythroblastic activ- 
ity Avas far in excess of leucoblastic. 

Action 0)1 sple)iecto)nize(l rabbits. — ^\Vhen the drug Avas administered in the same 
dose to a splenectomized rabbit, the effect on the blood (Chart 5-B, Table V-b) was 
about the same Avith the exception that the leucocytosis due to the increase of the 
lymphocytes did not manifest itself till the sixth hour. 

Effect of small repealed doses of colchicine. — Dixon and Malden gave small doses 
of colchicine at irregular intervals over several weeks. The animals shoAved no ill 
effects at any time, the leucocytes remained almost steady and the ratio of poly- 
morphs to lymphocytes also remained constant throughout the experiment. 
Abnormal cells Avere occasionally found, a myelocyte and a feAV normoblasts 
noAV and then. At the end of the exj^eriment Avhen the animals Avere killed 
certain changes were eAddent in the bone-marroAV. The marroAv cells increased, in 
number, Avhile the fat cells tended to disappear. The cells shoAved plentiful 
mitotic figures and appeared to be undergoing multiplication. 

Exactly similar results were obtained in a rabbit (Chart 5-A, Table Y-a) though 
the dose was higher than given by Dixon and Malden and injections Avere made 
daily except Sundays up to 21 injections in all. The animal appeared in 
good health during the period of the experiment and even gained in weight. Fluc- 
tuations of the total and differential count were within the normal range of varia- 
tion except that in the later period of the experiment persistent neutropenia was 
noticed. The ‘ Aveighted mean ’ began to fall after the fourth injection and a low 
level Avas maintained up to the end. A feAv normoblasts Avere almost ahvays present 
after the eighth injection, while myelocytes Avere found almost invariably after the 
thirteenth injection. Toxic polymorphs, small cells Avith coarse acidophilic granules, 
Avere ahvays found after the sixth injection. Htemoglobin fell from initial 69 per 
cent to 56 per cent and total red blood cells fell from initial count of 5,160,000 to 

3.940.000 per c.mm. at the end of the experiment, Avhile the reticulocyte percentage 
remained almost constant throughout. 
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Tahle V - a . 


After repealed suheulaacouit injeclio»s of colehietne. 


Date. 

XumDer .md 
amount, 

\V. 15. C. 
total. 

1 

XnuTuopiiti-s. 

IVr ii-nt. Tot.il. 

‘ \Vo!},'hf(‘<l 

iiu'.-in.’ 

LYVni'lCYTE. 

IVr 1 1 'lit Ti»tal. 

Imth.itui-p 
. 11. 

pel oeiil. 


, . 

t 

s,ti »0 i 

:i7-o 

3.10.S 


.5(.o 

t..536 

.Vi/. 


(1) ivool 


•• 

•• 





. . 

(2) DMtOl 

7.SOO 

:il-o 

-_M18 

2-21 

.56-0 

4.368 

A’i7. 

T-M8 .. 

(3) (IMWH 

.s.stio 

37-0 

3.-27.8 

2-0.5 

.56-0 

4.9.51 

.\,l 

a-:Mii .. 

(t) (HKIl 

o.stio 


2, 1.50 

1-S2 

73-0 

7,1.58 

XU. 

. . 

(.•■) O-Dltl 

.8.(140 

3.'i-0 

3.02 1 

1 -96 

61-0 

5.270 

Met 0-3. 

ll-S-Stl .. 

{«) 

ti.llO 


1.719 

1-9.8 

64-0 

3.929 

XU. 

.. ’ 

(7) 0-(I02.*. 

n.loo 

3 1-0 

3.196 

1 -98 

.54-0 

5,075 

XU. 

13-:i-30 .. ' 

(8) <V0(>2.-i I 

.8,0(10 

17-0 

1,360 

1-.54 

71-0 

,5.680 

XU. 

lM-30 .. ' 

(in 0-002.'. , 

o.ooo 

24-(l 

l,(5.56 

1-.S6 

66-0 

4,»it>4 

Xormo 3/200. 

16-3-30 .. 

(10) 0-002,-. ' 

7,000 

31-0 

2.170 

1-78 

.59-0 

4.130 

Normo 1/200, 

17-3-30 .. 

(11) 0'00.> 

8,000 

34-0 

2,720 

1-92 

61-0 

4,800 

Xormo 2/200. 

lS-3-30 .. 

(12) O-OO.'i 

!),740 


3,409 

1-89 

58-0 

5,649 

Xormo 3/200. 

19-3-36 .. 

(13) O-flOo 

10,320 

36-0 

3.775 

2-14 

55’0 

5, 1 05 


20-3-30 ' 

( 14 ) o-oor, 

7,100 

36-.-, 

2,.590 

1'.50 

51 -.5 

3,662 

.Met 0-3. 

21-3-30 . . ' 

(15) 0 005 

7,400 

34-0 

2,116 

1-34 

41-0 

3,256 

.ilct 4-0. 

23-3-30 .. 

(IG) 0-005 

.0,500 

21-0 

1,1.55 

1*74 

73-0 

4,015 

Xoi-mo 1/200. 

21-:!-30 . 

(17) O-OOA 

9,200 

41-0 

3,772 

1-21 

47-0 

4,324 

Met 3, 

1/200. 

2.3-3- 30 .. 

(18) 0-005 

7.000 

17-0 

1,190 

1-24 

74-0 

.5,180 

Mot 1, 

3/200. 

26-3-36 

* • 

(19) 0-005 

6,140 

25-0 

1 }53o 

1-42 

65-0 

3,991 

Met 1, 

1/200. 

27-3-38 

(20) 0-003 

5,400 

17-0 . 

918 

1-30 

76-0 

4J04 

Met I, 

1/200. 

22-3-30 

30-3-30 

(21) 0-005 

6,800 

15*0 

1,020 

1-2S 

73-0 

5,436 

Met 3. 

- 


6,000 

16-0 

960 

1*30 

74-0 

1,440 

Met 2, 

2/200. 
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Taijle VI. 

After Singh injection of 1 c.c. of adrenaUne chloride in a normal rabbit. 



Before injeetioa , . j 7,300 o^-o 

I hour after injection . . ! 8,000 
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29,800 

11,000 
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27-0 


14,400 
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Nil. 


Nil. 


Nil. 


Nil. 


Nornio 1/300, 


Nil. 


Nil. 
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from tlie original 6,000. When 1 c.c. of adrenaline chloride was injected into a 
splenectomized rabbit — the same course of events was noticed as in the healthy 
animal, viz., an initial rise at one and a half hours, then a fall and then a 
secondary rise again at four and a half hours after the injection (Chart 6-A, 

Chart 6-A. 

After single injection of 1 c.c. of adrenaline chloride in splenectomized rabbit. 
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Table Vl-a). Here too the initial rise was due to an increase in neutrophils and 
lymphocytes— the increase in neutrophils bein" j^roportionately much greater 
than that of the lyin})hocytes, hut the subsequent rise was entirely due to 
increase in the neutropliils. Ho itnniature white cell was found at any time in 
any of the cases and the ‘ weighted mean ' in the splenectomizcd animal remained 
almost constant throughout tlie exj)eriment3, though it was slightly lowered in 
the normal animals. 


Table Vl-n, 


After single injection of 1 c.c. of adrenaline chloride in a splenectomized rabbit. 


] 

, 

XkUTUOI’HILS. 

! 

Lyjipiiocvte. 

j Immature 
cell, 

per cent. 

Time. ^ 

! 

W. B. C. 
total. 

Per cent. . 

Total, j 

‘ U'eigli ted 1 
mean.’ 

i 

Per cent. 

Total. 

Before injection 

1 

7,760 1 

! 

33-0 

2.501 

i 

1 

POO 

i 

61-0 

4,734 

i iVi7. 

1 

1 hour after injection . . 

( 

7,920 

1 

41‘0 1 

I 

3,247 


55-0 . 

1 

4,356 

i 

1 JVii 

1 

1} hours „ „ . . j 

2-f.OOO j 

i 

1 

1 

400 , 

13,760 . 

1-80 ! 

i 

43-0 j 

1 

1 

' 1,320 

Nil. 

f 

.. .. „ ..1 

1 

1 

13,400 . 

1 

04-0 

8,560 

•• 

310 i 

i 

i 

4,154 

Normo 1/300. 

.. „ 

” »» ♦» • • j 

1 

12,600 j 

1 

03-0 

7,938 


31-5 

3,969 

1 

Nil. 

” >• .. . . 

17,600 

05-0 

11,440 

1 

1-84 

i 

31-0 

i 

5,456 

Nil. 

•• .. 

7,400 

72-0 

5,328 

•• 

26-0 

1,924 

Nil. 

" .. .. 

8,800 

i 

73-5 1 

6,468 

1-86 

26-0 

1,936 

Nil. 

4S 

’’ >> 

10,400 

31-0 

3,224 

2-01 

66-0 

6,864 

Nil. 
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Comment . — ^It lias been conclusively sliown that injected subcutaneously adrena- 
line chloride produces a sharp leucocytosis in normals, in splenectomized men and 
animals, and in patients with enlarged spleens. But whereas the leucocytosis 
observed by Patek and Daland {loc. cit.) was due to increase in both myeloid and 
lymphoid cells, the leucocytosis observed by me was almost entirely due to increase 
in the neutrophils, except in the case of a splenectomized rabbit where an increase 
in the lymphocytes was noticed as well in the early stage. Though it is universally 
accepted from experimental work that adrenaline chloride causes a strong contrac- 
tion of the spleen and though Barcroft’s suggestion that the spleen may serve as 
reservoir for the circulating blood is also accepted, it is quite evident that the leuco- 
cytosis observed after injection of adrenaline chloride does not originate from the 
spleen. The absence of any immature cells at any period in most cases negatives 
the idea of stimulation of leucopoiesis. Patek and Daland prefer to explain the 
increase in the white cells by a mechanical alteration in the blood stream. Cells 
either pooled in inactive vascular beds or lying along the periphery of vessel walls 
may be thrust into the axial blood stream by active contraction of the blood vessels 
or by increased velocity of the axial flow. I fully agree with Patek and Daland 
that the initial leucocytosis is caused by mobilization of cells which have stagnated 
in the viscera as a result of active contraction of blood vessels. But this action is 
not sufficient to explain the prolonged leucocytosis observed by Patek and Daland 
or the second leucocytosis about three to four hours after injection observed by me. 
The late leucocytosis appears to be due, at least to a certain degree, to mobilization 
of pre-formed reserves from the marrow, as is shown by the slight lowering of the 
‘ weighted mean ’ during that period. 


5. Histamine. 

Most of the earlier observations on the action of histamine on animals and 
human beings were incidental to the use of the drug for therapeutic and_ other 
purposes and in most cases the data were fragmentary and even contradictory. 
Recently, Moon et al. (1935) made some studies on the action of histamine on cats, 
monkeys, and on human volunteers. In every instance they found that the injection 
of histamine was followed by leucocytosis due to an increase in the number or 
polymorphonuclear leucocytes. The maximum leucocytosis occurred in about 
three to five hours, and the degree of leucocytosis was not so marked in men as 
in animals. Frequently the leucocytosis was preceded by a transient period oi 
leucopenia. The count generally returned to the normal level in about 24 hours. 

The effect of histamine was noted in two normal and one splenectomized rabbit, 
0-5 milligram of histamine being injected in one normal, while 1-5 milligrams of the 
drug was injected in the other two animals. The animals tolerated the drug very 
well and did not show any sign of shock. Leucocytosis due to increase in the neu- 
trophils was seen in all three, the maximum increase being between two and four 
hours. A stage of initial leucopenia wms not seen in any of the three animals^ thoug i 
the blood was examined at intervals of 15 minutes for the first hour. Slight increase 
in the neutrophils was responsible for the lowering of the weighted mean in the tuo 
normal animals but no immature cell was found at any time in £tily of the aniina s. 
The count came back to original pre-injection level after 24 hours (Charts 7, 7-.' > 
Tables VII, Vll-a). 
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After single injection of 0‘U mg. of histamine in a normal rabbit. 



( 

NnuTjiorjiiLs. 1 

j 

Lyni'uooYTE. 



1 



‘ Weigliteil 




Immature 

Time. 

1 

W. B. G. 1 





coll. 

total. 

i 

Per cent. 1 

Total. 

mean/ 

i 

Per cent. ' 

1 

Total. 

per cent. 

Before injection 

i 

•l.OSO 1 

I 

} 

» 

•16-0 ' 

i 

1,S77 

1-94 

1 

48-0 1 

1,958 

Nil. 

1 hour after injection . . 

■j,350 ’ 

-• 

•• 

•• 


•• 

•• 

i ** »» H 

fj.OOO 1 

1 

•IQ’O 

2,(50 

1-74 

44 0 

2,200 

Nil. 

f » » *1 ' ' j 

i 

1 

1 

6,^00 . 

! 

' 

" 1 
{ 

1 

.. 

•• 

\ • • 

\ 

• i 

^ » It 

1 

8,080 1 

1 

j 

1 

82-0 t 

f 

0,026 , 

1-72 

1 

15-5 

1 

1,252 

Nil. 

li honra „ „ 

1 

7,500 1 

1 ) 

1 

! 

. . i 

1 

" i 

1 

.. 

1 1 

i 

i 

0 ! 

** »» *» 

( 

9,-100 j 

1 

04-0 1 

1 

0,016 

1-00 

j 1 

31-5 

2,961 

i 

1 Nil. 

1 


( 

0,000 

1 

77-0 

0,930 

1-66 

20-0 

1,800 

Nil. 

^ " >. ,t 

16,800 

» 

80-5 

13,534 

1-64 

17-0 

2,856 

Nil. 

” »» tf 

10,000 

84*0 

i 

8,400 

1-68 

14'0 

1,400 

Nil. 

0 

* »* ft • » 

9,000 

81-0 

7,290 

1-62 

14-0 

1,260 

Nil. 

' 1 

7,340 

45-0 

3,303 

i-02 

45-0 

3,303 

Nil. 
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Table Vll-a. 


After single subcutaneou. 


Time. 


» um oli m of 1-5 mg. o f Uslamnc m a spkiKclomizei rabbit. 
Nedtrophils. i 

‘ Weighted 


W. B. C. 

total. 


Lyjiphocyte. 


Per cent. Total. 


I mean.’ 


Per cent. ' Total. 


Immature 

cell, 

per cent. 


Before injection 

I hour after injection . , 

II hours „ 


21 

“s » >» 


M2 


21,200 

10,800 


31 




3^ 


71 




» t> 


7.500 I 32-0 I 0400 

7,200 I 37.5 2,700 I 1.40 

OO-O 13,992 

68'0 7,344 

12,500 j (Ji-o 7,625 

OO'O 6,821 

56-0 7,280 


61- 


54'0 


10,400 

13,000 


1-38 


1-46 


1-36 


1-44 


4,613 


3,888 


24-0 5,088 


31-0 3,348 


34-0 4,250 


28-0 


24 




9,000 


7,600 


51-5 


21-0 


4,635 

1,596 


1-47 


1-37 


1-40 


2,912 


iVt'l. 


Nil. 


Nil. 


Nil. 


Nil. 


Nil. 


36-0 4,680 Nil. 


38-5 3,465 Nil. 


76-0 5,776 


Nil. 


Comment . — It has bppn olr^i^or- i . , 

and men that injection of m'odpntpl°^L-^L^^i^ ^ proved from experhnents on animals 
derable leucocytosis. The Ipnpnpirf doses of histamine is followed by a consi- 

and is due entirely to increasp in ^ reaches the highest peak in two to four hours 

and his colleagues not beint^ excentpr^^^^f”^^^^^’ 

mn„ excepted, data are rather meagre and do not allow of 
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full critical examination as to the source of tiic leucocytosis. But Flatow and 
Huttcl in their experiments found some immature forms and also noted a shift 
to the left of the Arncth count denotin'; the participation of tlic marrow in the 
leucocytosis. A lowering of tlic ‘ weighted mean ’ due to an increased number of 
staff neutrophils was also observed by me thougli no immature cell was seen 
in any of the cases. From the fact that the leucocytosis was entirely due to 
the neutrophils as well a.s from an experiment on a splenectomized rabbit where 
the usual neutrophilic leucocytosis was .seen after an injection of histamine, it 
is reasonable to conclude that the .source of leucocytes could not be the spleen. 
From the evidence to hand, the leucocytosis is probably due to mobilization of 
pre-formed reserves from the marrow. The stage of initial leucopenia noted 
by some observers was probably due to a comparatively large dose of the drug, 
as will be evident from the transient leucopenia wliich is observed following a 
shock dose of histamine in rabbits and the marked leucopenia accompanying 
shock which was obtained by Dale and Laidlaw (1919). 


0. ACETVL-CnOLlXE Axn C.rilBA.MINOYI.-C110LlNE. 

Only a brief reference was found to the action of acetyl-choline on the blood or 
blood-forming organs, Backman et aV{l92b) stating that acetyl-chobne increases the 
number of platelets but does not modify that of leucocytes. I, therefore, studied 
the action of acetyl-choline and carbaminoyl-choline on five rabbits. Two normal 
rabbits received injection of acetyl-choline, one 0’025 gramme and the other 0-0187 
gramme. One splenectomized rabbit received 0-025 gramme of the same drug, 
while two normal rabbits received 0-000125 grajnme of carbaminoyl-choline. The 
injections were given intramuscularly and all the animals tolerated the injections 
very well and did not show any toxic effect. AH the animals — four normal and one 
splenectomized — showed almost identical blood pictures with both drugs. An initial 
leucocytosis about one to one and a half hours after the injection was followed by 
leucopenia which was succeeded by another rise in the total white cell count in 
about four to six hours ; finally the count settled down to the original level 
before injection in about 21 hours. The height of the initial leucocytosis was 
greater in normal animals after acetyl-choline, while the height of the final 
leucocytosis was greater in the two normal rabbits after carbaminoyl-choline 
the one splenectomized rabbit after acetyl-choline. In all the animals 
the initial leucocytosis was due to an increase in both neutrophils and lymphocytes, 
the rise in neutrophils being always greater than that of the lymphocytes, while 
the final leucocytosis was due entirely to increase in the neutrophils. In the 
splenectoinized animal, the increase in the neutrophils alone was responsible 
jor both initial and late leucocytosis. The leucopenia was due to a fall both 
m neutrophils and lymphocytes after acetyl-choline, whereas after carbaminoyl- 
choline it was almost entirely due to a fall in lymphocytes, the level of 
neutrophils still continuing at a higher point than before the injection. A few 
normoblasts were seen in one animal after acetyl-choline, while a myelocyte 
was seen in one animal after carbaminoyl-choline. There was an increase in 
8 aft neutrophils in all cases during the period of late leucocytosis, manifested in 
lowering of the ‘ weighted mean ’. 
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Table VIII. 


After single subcutaneous injection of 0’025 g. of acetyl-choline in a normal rabbit. 


Time. 


NEUTKOrUILS. 

‘ Weighted 
mean.’ 

Lymphocyte. 

Immature 

cell, 

per cent. 

Per cent. 

Total. 

Per cent. 

Total. 

Before injection 

1.0,100 

430 

6,490 

1-81 

46-0 

6,940 

Nil. 

hour after injection . . 

18,300 

53-0 

10,065 

1-82 

37-0 

6,771 

Nil. 

f >> ff >> • • 

19,600 

00-0 ■ 

11,507 

1-72 

32-5 

6,390 

Nil. 

li- hours „ „ 

44,350 

G3-0 

27,940 

1-62 

35-0 

15,518 

Nil. 

2 fi ii • * 

12,200 

63-0 

7,686 

1-58 

33-0 

4,026 

Nil. 

3^^ )) >> if • ' 

20,960 

84-0 

17,606 

1-49 

15-0 

3,144 

Nil. 

K 

^ a » }f • • 

33,120 

79-5 

26,302 

1-42 

17-5 

5,796 

Nil. 

>) l> >» 

19,400 

70-0 

13,580 

1-37 

230 

4,460 

Nil. 

if tf »» * ' 

17,480 

61-0 

10,662 

1-42 

33-0 

5,768 

Nil 

*>4 

»i n 

10,280 

.. 

•• 

•• 





Table VIII -a. 


After single injection of 0*025 g. of acetyl-choline in a splenectomized rabbit. 


Time. 

W. B. C. 

Neutkopiiils. 

‘ Weighted 

Ly-uphocyte. 

Immature 

cell, 

total. 

Per cent. 

Total. 

me.an.’ 

Per cent. 

Total. 

per cent. 

Before injection 

9,800 

43-0 

4,214 

1-74 

52-5 

5,145 

Nil 

i hour after injection . . 

9,600 

44-5 

4,272 

1-58 

49-5 

4,752 

Nil 

1 J> 97 if • • 

25,440 

55-0 

13,970 

1-48 

33-0 

8,382 

Nil 

14 hours ,, ,, 

12,600 

. . 

• • 



•• 


o 

It it it 

9,300 

60-0 

5,580 

1-55 

34-0 

3,192 

Nil 

3 „ a it 

20,900 

70-0 

14,644 

1-42 

26-0 

5,440 

Nil 

i> it a • • 

28,200 

71-0 

20,022 

1-42 

23-0 

6,456 

Nil 

K 

V ,> J> >7 

13,280 

66'5 

8,831 

1-37 

27-5 

3,652 

Nil 

G ,, if )7 • • 

12,000 

72-0 

9,072 

1-45 

24-0 

3,024 

Nil 
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Comment . — It has been shown fJiat parenteral administration of parasym- 
pathetic stimulants leads to a great increase in the j)eriphcral white cell count. 
This leucocytosis can be divided into two distinct phases — one immediate, 
occurring in about one to one and a half hours, and the other later, occurring 
in about four to si.K hours after the injection. The immediate increase is probably 
due to re-distribution of the cells from the internal organ.s. In tiie ease of acetyl- 
choline this is brought about at least to a great e.xtent by contraction of the 
spleen. This view is supported by the absence of any immediate great increase o 


Cn.vuT 9. 


After single injet tion of 0'00l)12.'>g. of iloryl in noriaal rabbit. 



white cell count in the splenectomized rabbit after acetyl-choline. The compara- 
ively small initial leucocytosis after carbaminoyl was probably due to a smaller 
con ractue action of the drug on the spleen as compared with acetyl-choline. 

re a e leucocytosis after the injection in all cases was probably due to mobiliza- 
nrpa ° P'^®-tormed reserves from the marrow, as is evident from the occasional 
iirmature cells and the lowering of the ‘ weighted mean ’ by increase in 
stag neutrophils in all the experimental animals. 
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Table IX. 


After single injection of 0'000125 g. of doryl in a normal rabbit. 




Neutropkils . 


LYJIPIIOCyTE. 

' 

Immature 

ceil , 

per cent. 

Time. 

W. B. G. 
total. 

Per cent. 

Total. 

‘ Weighted 
mean.’ 

Per cent. 

Total. 

Before injection 

6,400 

38-0 

2,432 

1-74 

54-0 

3,456 

Nil. 

i hour after injection . . 

6,320 

•• 

•• 

•• 

'■ 

-• 

•• 

1 „ >> )> 

19,400 

65-0 

12,610 

1-56 

30-0 

5,820 

Nil. 

2 hours „ „ 

12,000 

73-0 

9,052 

1-44 

16-0 

1,984 

Nil. 

3 }» ti 9 > * * 

14,400 

69'0 

9,936 

1-38 

26-0 

3,744 

Nil. 

4 ,, •> »» 

22,160 

74-5 

16,609 

1-41 

20-0 

4,432 

Nil. 

5 j » tf a • • 

18,000 

76-0 

13,680 

1-37 

21-0 

3,780 

Nil. 

6 ,, >> • • 

18,500 

73-0 

13,505 

1-39 

25-0 

4,625 

Nil. 

1 ,, » yt 

11,200 

70'0 

7,840 

1*57 

25-0 

2,800 

Met I 

24 ,1 yy 11 

9,000 

47-5 

4,276 

1-68 

45-0 

4,050 




Met = Myelocyte. 


Only a few experiments were done on the action of atropine and pliysostignnne 
on the blood. 

7. Atropine. 

Herick (1914) did not find any change in the leucocytes after ordinary closes 
of atropine, but Backman et al. {loo. cit.) found that atropine caused a great 
increase in leucocytes. I made two experiments on the action of atropine on me 
blood. Atropine sulphate 1/30 grain was injected subcutaneously in both animals. 
In one no appreciable change either in the total or differential white cell count 
was noted, while in the other slight leucocytosis was observed which readied me 
maximal point in about four hours after the injection. The leucocytosis was due 
to increase in both neutrophils and lymphocytes. No immature or young cell was 
found in either case (Chart 10, Table X). 
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Comment . — Tlie sliglifc leiicocytosis observed after atropine was probably due 
to re-distribution of cells from internal organs. 


8. Physostigmine, 

Two rabbits received injections of 1/G grain and 1/20 grain of physostigmine 
subcutaneously — the injection was well tolerated. In both there was an increase 
in total white cells, which however did not sufficiently manifest itself till the fourth 
or fifth hour, and a return to tlie original level in about the sixth or seventh hour. 
The leiicocytosis was entirely due to increase in the neutrophils. The increase in 
neutrophils was seen early, before there was any sign of increase in the total white 
cell count, and the increase in the neutrophils persisted even when the total count 
came to the normal level and returned to the original level in 21 hours. A fall in 
the lymphocytes was noticed from the first hour after the injection and the lympho- 
cytes continued at a low level up to six to seven hours and came back to the pre- 
injection level after 24 hours. No ijnmature cell was found at any time in either 
of the animals (Chart 11, Table XI). 

Chart 11. 

After single injection of 1/10 gr-iin of physostigmine in normal rabbit. 
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Table XI. 

AJlct silicic iiiji’clioii oj I/IC) yi'ui)i of physostiijjiiiiio iit ii noTouil tcibbit. 


Timt’. 

\V. 1>. 

NcUTUOI’IIILS. 

1 

‘ Woijihfed 

Lymcuocvtk. 

Immaturo 

cell, 

per cent. 

total. 

Per rent. 

Total. 1 

mean.’ 

Por cent. 

Total. 

Before iiijeetioii 

9,700 

2.5-5 

2,.nu 

* 

(U-5 

0,250 

Nil. 

1 hour .ifter injectiim . . 

G.OOO 

380 

2,.50S ' 



3,198 

Nil. 

2 liouni „ „ 

U,.SOO 

00-0 

7,783 

.. 

29-0 

3,122 

Nil. 

3 

12,000 



■« ‘ 



'• 

It ji ft 

10,000 

(il-0 

0,100 


320 

3,200 

Nil. 

^ t» It »» 

21,000 

71-0 

17,010 


22-0 

5,280 

Nil. 

.. 

19,000 

01-6 

11,085 


27-S 

5,225 

Nil. 

7 

it H ff * » 

9,000 

53-0 

•1,770 


•10-0 

1 

3,000 

Nil. 

24 

it t> ft * • 

^ 8,000 

1 

28-0 

2,280 j 


01 -0 

4,880 

' 

Nil. 


lu one animal, along with the leucocyte count, an estimation of hsemoglobin 
and red blood cell count was also done. There was a gradual rise of the red blood 
cells from 5 million to over 7 million in three hours and a return to the original 
level in five hours, though the haemoglobin did not show any appreciable variation 
during the whole of the experiment. 

Comment . — Nelson and Edmunds (1924) found that physostigmine produced 
an acute increase in red cell count, reaching a maximum in one hour and returning 
to the normal level in two to three hours, and they argued that it was probably an 
indirect result of the stimulation of smooth muscle which expressed blood from the 
stagnant areas. An increase in the red cell count was also obtained by me in one 
case but the maximum point was reached after three hours. Unfortunately I did 
not do the Arneth count in either case and it is not possible to say from the data in 
hand whether the increase was of bone-marrow origin or not. 

Discussion. 

An increase in the polymorphonuclear leucocytes in the peripheral blood may 
be the result of (x) re-distribution of circulating leucocytes, (ii) mobilization of the 
granulocytic reserves of the bone-marrow, or (m) increased maturation of granulo- 
cytes. In health more leucocytes are present in the blood of the viscera than at 
the periphery, and a variety of agents can induce temporarily a more uniform distri- 
bution of the white cells throughout the vascular system, probably as a result of 
capillary dilatation and contraction of capsular and trabecular smooth muscle. 
Ke-ciistribution of the leucocytes may occur within a few minutes and subside in a 
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Comment . — ^Tlie sliglifc leucocytosis observed after atropine was probably due 
to re-disti'ibutiou of cells from internal organs. 

8. PliySO.STIG.MINE. 

Two rabbits received injections of 1/G grain and 1/20 grain of pbysostigmine 
subcutaneously — the injection was well tolerated. In both there was an increase 
in total white cells, which however did not sufliciently manifest itself till tbefouitli 
or fifth hour, and a return to the original level in about the sixth or seventh hour. 
The leucocytosis was entirely due to increase in the neutrophils. The increase in 
neutrophils was seen early, before there was any sign of increase in the total white 
cell count, and the increase in the neutrophils persisted even when the total count 
came to the normal level and returned to the original level in 21 hours. A fall in 
the lymphocytes was noticed from the first hour after the injection and the lympho- 
cytes continued at a low level up to si.x to seven hours and came back to the pre- 
injection level after 21 hours. No ijumature cell was found at any time in either 
of the animals (Chart 11, Table XI). 

Chart 11. 


After .single injection of 1/lG gr.iin of physostigmino in normal rabbit. 
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If) minute intervals, reptuti'il a charaetcristie rhythm and a dcihiito rise in the after- 
noon counts u'liich iiidcpondont of any digestive j)rocess. Shaw (1927) corro- 
borated Babin’s tindinu' ni the main and found two higii peaks in the course of 24 
hours, one in the aftcnuion and the other at about miduiglit, these day and night 
tides occurring regardless of food. In the same way there is unanimity of opinion 
nith regard to the leucoevtosis produced by exercise. A short bout of severe exer- 
cise causes leucoc\'tosis up to ItiO j)cr cent or more, wliile tlie increase is imicli more 
after long strenuous o.xercise. as has been shown in jMarathon runners, in one of 
whom the leucocvU',s \s cut up from :h70l) to 2t),800 during a race (Garrey and Brugan, 
1935). Even change in jiosture is sui)j)osed by many to produce leucocytosis 
and Cheng ( 1930) reports a difference in the leucocyte counts in rabbit dependent 
upon stomach-u ]3 or back-up positions. Psychic stiimdation without any obvious 
muscular activity is also said to produce a certain amount of variation in the 
leucocyte count, 'rinis, the intense odour of food and aromatics and even the 
thought of food arc suilicient to cause leucocytosis, and variation in the leucocyte 
count has been noted under ditferent emotional conditions in rabbits, o.g., 
leucocytosis when teased (C'olinstein and Zuntz, 1888), relative monocytosis when 
e.xcited (Menkin, 1928), and Icucopcnia wlien emotional (Nice and Katz, 1934). 
Leucocytosis observed before operation in uninfected cases has been attributed to 
fear or apprehension and even slight ])ain, such as the prick of a needle, may bo 
suliicienb to produce a leucocytosis, which has been regarded as being duo to 
liberation of a histamine-like substance (Findlay, 1928). 'riie leucocytosos noted 
under all the above conditions are physiological, being due to re-distribution of 
cells from centre to periphery without any change in the micloar lobe count. 

Knowing the wide range of leucocytic variation possible, oven with the nccillo- 
prick and the slight manipulation neccs.sary to take a sample of blood from an o.xeit- 
able animal like the rabbit, it is rather dillicult for one to say with any degree of 
certainty whether the leucocytosis unaccompanied by any eiiango in the nuelciir 
lobe count, which has'bceu noticed after many drugs, is due (o ( ho (Inig or not. Hut 
considering the great amount of leucocytosis noted after numt of the drugs and 
taking in account that leucocytosis of this degree was iiovor Hcoti in the control 
animals, even after injections of an indifl’crcnt KoIiiti<m' such ns fresh normal saline, 
it is reasonable to conclude that the leucocytosis was pi'obal)l^y duo to the action of 
the drug. With the exception of Coleliieino, the lemsicylosis was more apparent 
than real and was attributaldo to re-ilistribiition of the white (mils in oireulution and 
to more or less outpouring of pre-formed gramd<H',ytes IVoiu the marrow. In eortuin 
instances, as with adrenaline and i)arasynipat.iict,i(! sihmdaiits, tlieso two phuaoH 
appeared to be represented by successive peaks in (he wliitii eeii iKaint. 't’lio loiico- 
cytosis was transient, and with ])entnuclc()(,ide and liver e.xtrael, it was imi)oaHiblo 
to produce a sustained rise in the white count or evidenee of Inoreased ])rolifora- 
tion and maturation of the leuco[joietic cells in iJte nairrow, even tlioiigh iiijeotions 
were frequently repeated. Cohhmim imdonbtedly a(,imiilates the Ibrniation of 
new cells in the marrow, and induces immature ('.ells of both l/lio red and (he wliile 
series to appear in the perijiiieral blood, but i(; in IVaiikly (.o.xie and ils dostruetive 
powers outweigh its stimulant elTects. 

It may be considered disajqminldng and indeed mirprising lhal, 1 luive found 
no evidence tliat pentnucleotide or liver can slhmilale, I, he new formation of leuco- 
cytes in health. Everyone accepts Uie faci/ (hid, iron and liver will net raise the 
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red cell count beyond the normal level and a priori there seems no reason why the 
leucopoietic tissues should behave dill’erently'’ when they arc supplied with an excess 
of lucmatiuic principles. In the ap])i'opriatc sections of this paper I have criticized 
previous xvork which had been thought to indicate that liver and pentnucleotide can 
stimulate the new formation and maturation of white cells in health. The imme- 
diate leucocytosis which follows the injection of these drugs is transient and more 
apparent than real. No enduring leucocytosis, no myelocytosis, and no outpouring 
of immature leucocytes follow their repeated administration, unless the experiments 
are complicated by major traumata, which are of themselves sufficient to account 
for any changes reported in the white cells. It may be that, like the liver principle 
in pernicious aiiBcmia, pentnucleotide and liver act only in conditions of pathological 
leucopenia. hly experiments allow jne no right to speak on this matter tliougli 
I may be forgiven for pointing out that evidence of their therapeutic value m 
agranulocytosis is not convincing (Witts, loc. cit.). 

Summary. 

1. The ability of a number of drugs to produce leucocytosis, with special 
reference to their possible value in the treatment of agranulocytosis has been 
studied. 

2. Leucocytosis may be due to (i) re-distribution of circulating leucocytes, 
{ii) mobilization of pre-formed reserves in the bone-marrow, and {iU) increasea 
maturation of granulocytes. The third property only is lilcely to be of value m 
agranulocytosis. 

3. Only transient leucocytosis, due mainly to re-distribution and partly to 
mobilization of leucocytes, was observed after single injections of pentmicleont e 
sodium nucleiuate, liver extract, histamine, adrenaline, and acetyl-chohue an 
related substances. 

4. No evidence was obtained that liver extract or pentnucleotide can 

ate the formation of white cells in health, even though injections are frequeu y 
repeated. 

5. Colchicine stimulates the proliferation of cells in the marrow but the toxic 
effects of this drug outweigh its stimulant powers. 
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Part I. 

INTRODUCTION AND TECHNIQUE. 

Introduction. 

A FORM of anemia occurs amongst the labourers on tea-estates in Assam -which 
IS the cause of much sickness and mortality. Its existence in this class of people 
has attracted attention because they are subject to more thorough medical super- 
vision than is the case -with any comparable population in India, and the economic 
results are more apparent than in the general population. Cases of a ' similar 
type are, however, seen amongst the general population. 

( 1001 ) 
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As the result of some years of work on tea-estates the autlior has come to con- 
sider anmmia as the chief cause, with the possible exception of malaria, of sickness 
and death. Its importance has been fully realized by the planting community 
who appreciate the economic loss which it causes both to employer and employee. 
They have demonstrated their interest by the contribution of large sums of money 
to research on the subject, and the expenditure of larger sums on attempts at 
prophylaxis and treatment. 

Despite this active interest, the incidence of the condition has remained 
almost unchanged for many year.s, and there was little advance in treatment 
until the work of Napier and Das Gupta (1937) proved the value of maximal iron 
therapy. There has still been little advance in prevention ; the present work is an 
effort to discover any causative factors of the disease, a- knowledge of which might 
be helpful in preventing it or reducing the damage done by it. 

The pathology of the condition has been the subject of exhaustive study 
by Napier (1937) and Napier and Das Gupta (1935u, h, c, d; 1936; 1937) 
in several series of clinically anmmic and clinically non-ancemic persons. They 
describe a condition of anaemia prevalent amongst the entire population, whether 
apparently unhealthy or healthy, and the following description is derived from 
their work : — 


The anaemia in the apparently normal population is characterized by a nearly 
normal erythrocyte count ; a low haemoglobin level, with a mean of 1T83 grammes 
haemoglobin per 100 c.c. blood in men, and 10’03 grammes in women ; and a corres- 
pondingly low colour index with a mean of 0‘81 in both men and women. There 
is a marked reticulocytosis, with a mean of 2-17 per cent. Eosinophils and large 
mononuclear leucocytes are in excess of the normal, with means of 13’75 and 9'025 
per cent of the total white cell count respectively. There is a significant difference 
between the sexes, anaemia being most marked amongst women, and an age differ- 
ence, the anaemia being more severe amongst those under 30 years old, both men 
and women, than amongst those over that age. 

In two series of clinically anaemic cases they found that the great majority were 
microcytic and hypochromic. A few orthochromic cases were seen. There were 
no distinctly macrocytic cases except in a series of pregnant women. ^ Anisocytosis 
and polychromasia were common, and nucleated red cells were found in 13 per cent 
of cases. Reticulocytosis was more marked than in the clinically healthy group, 
the mean percentage of reticulocytes being 4‘2G in one series and 3 '92 in a second. 
Red cell fragility was decreased. The total leucocyte count, and the differentia 
count, resembled those seen in the apparently healthy group. The direct serum 
van den Bergh test was negative in all cases ; the indirect test was^ positive m i 
out of 87 cases, it was most frequently positive in the orthochromic cases and m 
those with enlargement of the spleen. The van den Bergh test on the urine was 
positive in a number of cases, and urobdinuria was frequently present. Theresu s 
of gastric analysis were normal. 

They further showed that hookworm infection was present in the entire popula- 
tion, but that heavy infestations were more common amongst the aniemic group 
than in apparently normal persons ; there was no relationship, however, between 
the number of hoolcworm eggs found and the degree of anmniia in the amenuc 
group, and some highly anremic persons showed low egg-counts. 
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The speeifie elTect ot ferrous suits in produein" a rapid, but not complete, cure 
wa.s demonstrated, even despite the presence of lieavy lioolnvonn infestation, which 
did nut necessarily prevent the maintenance of a hi"ii limmoplobin level for some 
months. The moan improvement in tho.se with high original egg-counts was less 
than in those with low, though the dilTcrence was not considered significant. ^Nlten 
the treated subjects were divided into two group.s, those showing an increase of over 
{ grammes liajinoglobin and those showing a smaller improvement, the first group 
contained significantly fewer ra.ses with high egg-counts than did the second group. 
Also it was noted that on the estate on which anthelminthic treatment was least 
efficient, the luemnglohin level w.as not maintained, wlioreas on other estates it 
continued to rise after the end of treatment. 

The suhstitutlon of what wa.s thought to be an ideal diet for the ordinary 
lio.spita! diet for a period of a month, without specific treatment, did not produce 
any improvcmeirl in the blood picture of a series of cases. On considering the 
history of the varions .series treated, however, they considered that a good diet 
mij/ht have some cfTect on the maintenance of a high haemoglobin level. 

They concluded from the blood picture and tlie results of treatment that the 
aiiffiiiiia was the result of an iron deficiency. The cause of the iron deficiency was 
not clear, it did not ajipear to he due to a deficiency in the diet, or to failure of absorp- 
tion, and they considered that the chief cause was a blood lo.ss due to hookworm 
infestation. They based their conclusions on the similarity of tl)e blood picture 
to that seen in known hookworm disease, on observations on the relationship 
betAveen the degree of infestation and anmniia, and of the effect of heavy infesta- 
tions on the maintenance of a high hmmoglobin level. 

Their exhaustive studies gave an exact account of the pathology and the treat- 
ment of the condition. Tlie description of an ultimate cause, hookworm infection, 
was less certain, and did not explain all the various phenomena which they had 
ob.served. Tliey suggested that possibly malaria and prolonged dietary defects 
might have some causative influence, but that there still remained some unknown 
factor limiting the final brnmoglobin level. 

As the result of some clinical experience, and observation of the effects of 
treatment, the Avriter became impressed with the uncertainty of the position of 
hookAvorm infestation as to the major cause of the disease, and came to regard the 
evidence on which it is so considered as unconvincing. Hoolcworm infestation is 
common to the entire population ; if it produces this condition which varies so greatly 
in degree, it is logical to assume that the variations must be due either to differences 
m the degree of infestation, or to the adjuvant effect of some other factor. In the 
first case an exhaustive study should have shown a closer relationship between 
the load of hookworm eggs in the stools and the degree of anmmia, and cure should 
haA’e been more dependent on the efficacy of anthelminthic treatment.- In the 
second case the adjuvant factor or factors would appear to have an importance 
equal to, or greater than, the hookworm infestation. 

A study of other possible factors which might limit the hoomoglobin level ’ 
AAa.s, therefore, considered desirable. Pathological investigation quite bevond the 
resources available to the author had not clearly shoAvn tliem, though it liad made 
their existence likely. The pathological approach was therefore not used ; a study 
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was made of the epidemiology of the condition, and of its epidemiological back- 
ground, in the belief that it woidd discover one or more other causative factors, and 
where some indications of such a cause were found, they were followed with the 
resources at tlie author’s disposal. 

An essential of any epidemiological description is an account of the background 
on which the condition occurs, an account of the general health of the population, 
its vital statistics, and the diseases which affect it and might be related to it. This 
is more particularly desirable in describing a condition occurring in Assam, as the 
Census Commissioner considers the official vital statistics to be grossly iaaccuraTe, 
and there are few detailed accounts of the incidence of disease amongst the 
population. 

The study has been arranged in five parts. Part I, introduction and technique. 
Part II is an account of the vital statistics and the general incidence of disease, 
Part III describes the incidence of anmmia, its distribution amongst the popula- 
tion, and the mortality and morbidity due to it, Part IV gives an account of the 
relationship between ansemia and diet, with special reference to the different varieties, 
of rice consumed, and Part V discusses some evidence accumulated to show the 
relation between anaemia and malaria. Unfortunately this portion of the work 
w'as abruptly terminated before completion by the departure of the author from 
Assam. 

Although the work has been ended suddenly the material for the first four 
parts had been accumulated, and had demonstrated hitherto unknown elements 
in the aetiology of khe disease, and the study composing the fifth part had disclosecl 
an apparent connection between the two diseases, which was inconclusive but 
yet justified serious consideration. The whole is, therefore, published despite its 
unfinished form. 


Technique. 

The homogeneous nature of the universal anaemia has been demonstrated by 
Napier and Das Gupta. In the present investigation, therefore, anaemia has been 
considered as a condition in which the hsemoglobin was below the normal stanaaic , 
and no effort at further diagnosis or pathological examination made. This is 
justified by the fact that a part of the worlr of these authors was done in the same 
population as that here dealt with. 

Hsemoglobin was estimated by two methods : the Tallqvist scale and the Helligc 
apparatus. No apology is made for the use of the Tallqvist as the results e 
given include about 10,000 estimations, which could not have 
any other method, but some explanation of the reliance placed on the_ , 
obtained by it is indicated. Much use has been made of the calibration 
evaluation of the two scales by Napier and Das Gupta (1935a). 

In the Tallqvist scale finger blood is absorbed into a piece of 
.prepared blotting-paper, and the resultant colour compared with a staii yir 
opaque paper ; estimations are made in percentages, and always in mill T 
five. This is clearly an inaccurate method. Napier and Das gjjor, 

Tallqvist and Hellige estimations, and found that the former had a standar 
for individual readings, of 11 '8 per cent. In the higher parts ol the sea e, * 



G. Hlacdonald. 


1005 


50 per cent, tlierc was also considerable divergence ol tbe two scales and the 
error was large. The error was smaller below 50 jrer cent and the two scales 
more nearly approximated each other. 

It is obvious that no reliance can be placed on individual readings except in the 
most general way. However, when large numbers of readings are taken it gives 
three valuable iiulications ; if an individual reading i.s 50 per cent or less, the assump- 
tion that the lueinoglobin really falls into thi.s class is a fairly sound one, and tbe 
numbers shown to have the.se low reailings may be taken as reasonably accurate ; 
the mean of a large number of readings, not less than 100, may be relied upon and 
comj)ared with the mean of other similar series ; similarly, a frequency distribution 
based on a very large munber of cases, not less than 1,000, may be used in statis- 
tical analysis. In this paper all three of these types of results are tabulated, but 
only the first, which is probably the most reliable, was used in statistical analysis. 

Individual readings by tbe Ilcllige have a standard of error of I'l per cent; 
100 per cent on tbi.s scale corresponds to 13-G7 grammes limmoglobin per 100 c.c. 
blood. All types of results, including individual readings, are statistically usable. 
Finger blood was used in all investigations and the technique of Napier and Das 
Gupta closely followed. 

No response lias been made to the suggestion made by these authors that hmmo- 
glohin readings should be given in terms of grammes htemoglobin per 100 c.c. of 
blood and not in percentages. The conversion of readings taken in one type of 
unit {percentage) into another type of unit (grammes Hb) and tbe subsequent 
preparation of frequency tables in terms of the second unit leads to false groupings 
wliicli may lead to serious confusion. A frequency table based on 0'5 gramme 
liamioglobin differences will contain three percentage readings in some groups, 
four in others. For instance, the group Hb S'OO g. to 8'49 g. contains the Hellige 
percentage readings 59, 60, 61, and 62 ; that of 8-50 g. to 8-99 g. the readings 63, C4, 
and 65. Inaccuracy can only be eliminated by making tbe groups unnecessarily 
large, or by making the groups correspond to the units in which the measurement 
was originally made ; thus a grouping of 8-20 g. (60 per cent) to S’82 g. {64’5 per cent) 
would not lead to error. 

This is not a h 3 rpothetical point. A significant grouping, in grammes of hsemo- 
glohin, in this study disappeared when the readings were converted back into 
percentage units. A compromise has been made by giving readings in terms of 
Hellige percentage units, and stating the equivalence at the foot of each table. 

The only other technique extensively used has been that of the census. It 
has been a part of the routine medical administration of these estates to hold an 
annual census and medical examination. The census held in the winter of 1936-1937 
was considerably elaborated. In its elaborated form it included an inquiry from 
each person of name, age, sex, caste, or race, duration of residence in Assam, the 
variety of rice normally consumed, and other details concerning housing accommo- 
dation and sleeping habits, and an estimation of the hsemoglobin by tbe Tallqvist 
Scale. The books were prepared in such a way that families could be distinguished. 

The normal census covered a population of about 15,060 people. For a number 
ot reasons the elaborate census could not be extended to all estates and covered 
i>>042 persons. 
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Details were taken by Assistant Medical Officers, who themselves estimated 
the age. A study of the results showed a marked preference for certain age period 
and avoidance of others, by different estimators, so that in classification the simple 
grouping of under 1 year, 1 to 4-i, 5 to 9^-, 10 to 14|, 15 to 44, 45 and over, was all 
that could be used. The information concerning duration of residence in Assam 
was probably fairly accurate in most cases, and was grouped as under 3 years, 3 
years and under 0, 6 years and under 10, 10 years and under 20, over 20 years, and 
born in Assam. The classification of the first two groups in periods of three years 
was used to correspond with the normal period of short-term recruitment. 

During later medical examinations the hmmoglobin of a random selection of 
about every twentieth person rvas checked by the author ; in'addition every person 
recorded as having a low hmmoglobin, or suspected to have one on clinical examina- 
tion, was also re-examined by the author. 

The variety of rice consilmed is discussed in a later part of this paper. The 
question was asked of each person, or his guardian, and the answer recorded. There 
was no reason why any person should wish to name, or deny, any variety. 

It is obvious that this detailed inquiry would have been impossible without 
the willing and interested help of several assistants, who ungrudgingly gave a 
great deal of their time to the work, and to whom the sincere thanks of the author 
are due. 



Part II. 


TlJE POPULATION STUDIED. ITS VITAL STATISTICS, AND THE 
CHIEF CAUSES OF SICTvNESS. 


TuK I'Oi'ULATION. 

The population sludied was that of a group of tea-estates in the Sibsagar 
district of Assam, of which the latitude is 20'* North, and lojigitude 91° East. The 
district forms part of the level alluviid valley of the Brahmaputra. The elevation 
is about 500 feet above sea-level, but as the nearest sea-coast is over 300 miles 
distant in a straight line, and over 700 miles along the course taken by the Brahma- 
putra, the elTeet of elevation on land drainage is not noticeable. The climate is 
continental and sub-troj)icaI, with a marked cold season and a very hot sutomer. 
The atmospheric saturation with water vapour is high at all times of year, and the 
chief rainfall occurs during the mouths between April and October. The principal 
meteorological averages for each month are shown in Table I ; — 


Table I. 


The (iveraife loiipenilure, hujitklily, and rainfall for Sibsagar for each 

month of the year. 



'i’EMluatATUEC. 

Helativo 


Mouth. 

Stouu 

tnaxiumm. 

Mean 

minimum, 

“F. 

humidity 

meuu 

8 a.m. 

Total rainfall 
ill inches. 

Junuary . . 

700 

49-7 

98 

1-29 

February . . 

72-0 

53-3 

98 

2-01 

March .... 

78-0 

OU'8 

91 

4-78 

April 

SD2 

eo-o 

90 

10-11 

May 

SOM 

71-6 

00 

11-89 

■Tune 

88-7 

70-1 

91 

14-21 

July 

89-2 

77-7 

92 

17-01 

August 

88-6 

77-e 

93 

10-27 

September 

87-6 

7G-2 

93 

11-70 

October . . 

84*1 

70-6 

95 

5-10 

November 

77-7 

59-8 

96 

1-10 

December 

71-1 

50-C 

98 

0-52 


( 1007 ) 
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believes to sliow fclio ett’ect of tbe steady improvement in general hygiene on men 
at an age when the epidemic causes of death do not much affect them. The mean 
death rate for women aged 15 to 15 is 9-3 per 1,000 higher than that for nien of the 
same age, and the author believes that almost the entire difference is due to the 
direct or indirect effect of anaemia, which affects this age and sex group more 
markedly than any other. 

Table IV lists the causes of 1,231 deaths on ten estates, on which all deaths 
were certified by a registered medical practitioner. They have been listed in a 
simple classification which makes clear the more important causes. Eespiratory 
diseases and bowel diseases are the two most important causes of death. Malaria 
and anaemia are almost equal. The number of deaths due to childbirth, and of 
infant deaths due to prematurity and to undetermined infantile conditions are 
noteworthy. These last three causes of death are believed to be very largely due 
to anaemia. 

A detailed explanation of the reasons on which this belief is founded is given 
in Part III of this paper. 

Table III. 

The death rale by age and sex groups of a pojmlalion averaging 

11,069 persons. 


Aoe aBotrp. 


Year. 


Totai.. 

0-1. ' 

1 1 

i 

,5-14i. 

1 

1 15-44. 

1 

j 4.5 and over. 




Males. 




1933 

247 

j 46-2 

9-38 

14-84 

j 46-6 

29-9 

1934 

261 

81-5 

1 9-78 

13-4 

j 40-8 

33-4 

1935 

142 

56-7 

13-8 

13-0 

46-4 

27-S 

1936 

259 

52-5 

12-9 

12-5 

32-1 

32-5 

Aveeage . . 

^ 225 

1 

59-2 

11*0 

1 

j 13-4 

48-1 

30-8 




Females. 




1933 . , i 

275 

1 36'3 ! 

i 1 

13-8 

23-0 

21-4 

31-1 

1934 

185 

58-6 ' 

19-8 

18-9 

45-1 

32-8 

1935 

1 

137 

i 33-7 

11-8 

24-8 

43-8 

! 28-7 

1936 . . 1 

208 

53*1 < 

1 

12*3 j 

I 

23-4 

34-9 

33-1 

Average . . 

198 

45-3 1 

14-3 , 

22-7 

39-0 

31-38 
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Table IV. 


A list showi)U) the annual number of tlcalhs, classified according lo the cause 
of death, in a population averaging 9,912 persons. 


Cau^o of death. 

1933. 

1931. 

1935. 

1930. 


llato per 1,000 
per annum. 


•13 

20 


30 

120 

3-03 


ReSTOI.^TOUV UlSEASM 








» 

I’neuuioni.a 

31 

13 

32 

28 

109 

2-75 ’ 


Pulmonary tuhercuioaij 

3 

0 

10 

15 

45 

1-13 

• 7-00 

Other diicaaes 

15 

•13 

31 

32 

120 

3-18 , 


Bowel diseases 








Choleraic diarrhoea 

1 

5 

Q 

12 

11 

34 

O'SO -1 


Dysentery 

15 

21 

32 

20 

97 

2-45 

■ 4-75 

Other disea-ses 

13 

15 

10 

13 

57 

1-44 j 


AsxMI.i. 

33 

31 

27 

t 27 

118 

2-98 


CuiLDniUTii 








Sepsis 


1 

o 

1 ** 

7 

i 

0-38 1 

1-14 

Other causes 

5 

G 

9 

10 

30 

0'70 i 

ASC.VB1.VS13 

1 

10 

1 

8 

35 

0-88 


NePBIOTIS . , , . ' 

•1 

10 

9 

12 ^ 

35 

0‘88 


S0EGtc.VL DISE.VSES 

2 

2 : 

1 

7 

12 

0-30 


Septic cokditioks 

10 

7 

•1 

o 

23 

0-58 


Zyiiotio and infectious 

6 

17 

17 

5 

45 

1-13 


diseases. 




PRElUTOBlTy OF BISTII 

15 

28 

11 

19 

73 

1-84 


OndETEuiunED 

36 

28 

19 

20 

108 

2-72 


coNDiTioNa (marasmus and 
asthenia). 



Cause unknown 

3 

8 

0 

10 

27 

0-68 


Otiieb causes 

28 

25 

31 

38 

122 

3-08 


Total 

282 

31G 

307 

320 

1,231 

31-05 



J. MR 
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The chief causes of sickness. 

In the following account an effort has been made to give figures for the inci- 
dence of disease as far as possible. They are based on the population for which a 
standard system of record keeping was maintained, which included 10,284 persons 
in 1933, 12,303 in 1934, 15,185 in 1935, and 14,810 in 1936. 

In the opinion of the author the chief entity responsible for sickness and death 
is anaemia. Figures showing the incidence of the disease, and the number of cases 
treated, are available, but though imposing are almost meaningless. Most ansemia 
cases are discovered and brought under treatment as a result of a systematic search 
for cases, and not of their own volition. The number of cases treated is, therefore, 
more likely to reflect the efficiency of the search than the incidence of the disease. 
To demonstrate the true situation reliance must be placed on haemoglobin surveys 
of the whole population, and on an estimate of the importance of the condition as a 
cause of death, rather than on the number of cases treated. This subject will be 
developed in Part III of this paper. 

Malaria ranlrs almost equal to anaemia as a cause of sickness. An account of 
the incidence of malaria on these estates has been given by Macdonald and Chow- 
dhury (1931) ; transmission is exclusively by Anopheles minimus, and takes place 
normally from the middle of March to the middle of November, with possibly slight 
transmission throughout the year (Bice and Mohan, 1936). All three species of 
parasite are found, Plasmodium falciparum, constituting 72 per cent of infections, 
Plasmodium vivax 20 per cent, and Plasmodium malarice 5 per cent with 3 per cent 
of mixed infections. Malaria control measures were started on some estates^ in 
1933, and the incidence of cases per 1,000 population fell from an unknown high 
figure to 499, 373, 315, and 340 respectively in the years 1933 to 1936. These are 
not reliable figures, owing to variations in the method of diagnosis and registration. 
A true picture is shown by the spleen rate, the variations in which are shown in 
Table V ' 


Table V. 

Variations in the spleen rate, 1930 to 1936. • 


Year. 

Highest. 

Lowest. 

\ 

General 

rate. 

1930 . . 

93 

20 

51-0 

1933 . . 

86 

18 

47-5 

1934 . . 

73 

13 

33-9 

1935 . . 

63 

11 

26-2 

1936 . . 

64 

7-5 

28-2 
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Respiratory diseases arc the next most common cause of serious illness. Minor 
coughs and colds are, as in most countries, the commonest cause of absence from 
work. In addition to these, pneumonia, influenza, and bronchitis are common, 
and pleurisy and empyema occur. The general incidence of pneumonia throughout 
the period was 9- i cases per 1,000 population per annum, the figures for successive 
years being 9-G, 7-0, 9-1, and Other respiratory diseasc.s receiving indoor 

treatment numbered 37-6 per 1,000 per annum for the whole period, and 41-0, 38-4, 
39-8, and 32-0 in successive years. The mortality from respiratory diseases 
generally was 7-OG per 1,000 per annum. 

Animbic dysentery is endemic in the population, 9-0 cases came to light per 
1,000 population per annum, the rate in each of the four years being 9'0, 9-5, 10-5, 
and C-8. 

Bacillary dysentery is of frequent occurrence in epidemic form, mainly during 
the months of April, May, and June. Though sporadic cases occur throughout the 
year, epidemics arc rare except during these months. The average annual incidence 
was 15‘1 per 1,000 population per annum, and in successive years 15‘0, 13’9, 18'3, 
and 12-9. 

There are two distinguishable tyj)es of outbreak, water-borne and those which 
are transferred by contagion, probably through the mediation of flies. On two 
estates on which transmission was believed to be water-borne, new w’ater supplies 
safe from pollution were installed, with a marked immediate result, the sporadic 
cases of dysentery almost entirely ceasing. The main epidemics, however, appear 
not to be water-borne, transmission is probably through the agency of flies or direct 
contamination of food ; they occur largely during those months when flies are most 
numerous, and it has been possible to trace the passage of an epidemic from person 
to person in the manner which one would expect of a highly contagious disease. 
Such epidemics may be localized in one corner of an estate, the whole of which 
draws its water from one source. 

Ankylostomiasis is almost universal. The work of Napier and Das Gupta, 
which has already been referred to, was undertaken in this district, and partly on 
the population of the estates which are the subject of this inquiry. In an effort to 
control anoemia all members of the population have received at least one anthel- 
minthic treatment annually for several years. 

Ascariasis is universal amongst children, in whom it is at times a cause of death, 
HI effects are not commonly seen in adults. 

Cholera did not occur in the population in the years under review, but owing 
to the occurrence of cases in the district some thousands of persons were inoculated 
with vaccine during 1937. The cases of ‘ choleraic diarrhma ’ which are relatively 
common as a cause of death appeared to be a severe form of bacillary dysentery, 
with which disease they are commonly associated. 

The only zymotic disease of sufficient prevalence to be important was measles. 
A severe epidemic visited the district in 1933 and 1934, and caused many deaths, 
particularly in the age group 5 to 15 years. ’ 

All members of the population are vaccinated either at birth, or on their first 
arrival in Assam ; in addition re-vaccinations are common. No smallpox cases 
occurred amongst the population of the estates during the years under review. 
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The district Avas not greatly affected by the last great epidemic of Icala-azar, 
and is not known ever to have suffered severely from this disease. A constant 
watch was maintained for the disease, and many hundreds of aldehyde reactions 
performed ; during the years 1935 and 1936 almost all cases of intractable anaemia 
were examined in this way. An average of only six positive cases Avere found 
annually, and these not amongst persons primarily complaining of anaemia. 

Phrynoderma, xerophthalmia, night blindness, and other evidences of vitamin-A 
deficiency are of very frequent occurrence. It is clear that shortage of this sub- 
stance is a frequent cause of ill health, but no relationship to anmmia AA'as suspected. 
No evidence of deficiency of the vitamin-B complex Avas seen, a fact Av^hich is prob- 
ably partly explained by the universal use of home-breAved rice beer, which is 
consumed regularly by persons of all ages. 

Clinical evidences of a deficiency of vitamin C are extremely rare. The author 
has only seen tAvo patients Avhom he believed to be suffering from scurvy, the 
two children of a destitute beggar who Avere brought on to an estate as an act 
of mercy. 

Opium is very commonly consumed, most of the addicts being adult men, 
though some women acquire the habit. Accurate figures of the number of consumers 
are difficult to collect, but careful inquiry on a number of estates suggested that the 
habit was more prevalent on some than on others, and that the proportion of addicts 
varied from 0'5 to 5 per cent of the adult male population. Illicit opium is more 
commonly consumed than the legally acquired drug, and the amount consumed 
in each month rarely exceeds two tolas (360 grains), because the purchasing poAver 
of the coolie is limited and the normal cost of illicit opium is Bs. 4 per tola. No 
relationship between the consumption of opium and the incidence of the common 
anaemia could be traced ; examination of a large number of addicts and their families 
suggested that the principal deleterious effect was not directly due to the opium, 
but to the deprivation of the necessities of life following the utilization of a large 
part of the total earnings in the purchase of the drug. 

Indian hemp is commonly smoked, both legally purchased and illicit hemp 
being used. Symptoms of chronic respiratory disease and some mental aberration 
are the chief permanent ill effects. 

Spirits are not regularly consumed except by a small minority. Almost all 
the population, however, consume regularly a form of home-brewed rice been 
fermented for a couple of days. 



Part III. 


THE INCIDEKC]-: OF AN^EillA, AND THE SrORBIDITY AND 
:\I0JITAL1TY liESUETlNG FROJI IT. 


The incidence op anaemia. 


The metliod iiy whicli the census was taken and the technique and accuracy 
of the Talhjvist method of luemoglobin estimation have been described. The 
hceinoglobin findings taken at the census are set out separately for men, women 
and children in Tables VI and Vil. In Table VI actual figures are given, 
and in Table VII the same figures are reduced to percentages of the total in 
each class. 


The frequenc}’ distributions show a very marked dispersion of readings about 
the mean and mode, entirel}' difTcrent from the closely agglomerated findings result- 
ing from the accurate e.vamination of a licalthy population. A marked dispersion 
in the higher ranges would be expected if a healthy population were examined by 
the Tallqvist metliod owing to the inaccuracy of the technique, and can only be 
accepted as correct on account of its confirmation by estimations by the Hellige 
instrument which arc described in Part IV of this paper. The dispersion in the 
lower ranges of the scale cannot be explained except by the presence of a 
common anaemia ; a calculation based on the comparison of the Hellige and 
Tallqvist scale made by Napier and Das Gupta {1935a) shows that it is probable 
that 81 per cent of the persons described as having a haemoglobin of 50 per cent 
or less did in fact fall into tliat category, and that the true number in that class 
was not less than 94 per cent of the stated number. 

It will be noted that anmmia is prevalent amongst men, women, and children, 
but that the incidence of the severe forms is greatest in women, and least in men. 
If ‘ severe anaemia ’ is defined as corresponding to a Tallqvist haemoglobin value 
of 50 per cent or less, then 10’42 per cent of women, 5’33 per cent of children, and 
2 ‘77 per cent of men were severely anaemic. 


The lugher incidence of anaemia in children than in men was only very slightly 
due to a differential sex incidence in children, in whom the ratio of severely anmmic 
females to males was I'lG to 1. The ratio of the two sexes in the general popida- 
tion of children was I'Ol to 1. The slightly higher incidence amongst female children 
was entirely amongst the older ones, the two sexes being equal under the age of 12 


Vi haemoglobin of each group is the same, 70 per cent, and is exceeded 

Th T 11 of women, 19'37 per cent of children and 40'82 per cent of men. 

of til scale is extremely uncertain in the higher ranges, but on account 

tne large numbers examined the numbers exceeding the modal 70 per cent may 

of the truth. It roughly shows the proportion of the 
P pulation m whom the haemoglobin value is satisfactory. 

( 1015 ) 



Table VI. 

SJioiving the frequency distribution of hcenioglobin values in a ‘population of 9,042 inen, ivomen, and 

children, in actual figures. 
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Table VIII was prepared iu order to illustrate the relative incidence of ancemia 
ill settled and newly arrived coolies. In order to avoid errors due to the different 
age and se.v constitutions of the populations, adult women only have been counted 
here. 

Table VIII. 


The incidence of anwmia in new and settled women. 



1 

SCTTLCD WOMCN. 

i 

UXSCTTLED XEW 

WOMEN. 

Estate. 

1 

1 

1 I 

j Number. ^ 

1 

1 

Me.vu Hb. ' 

‘ 1 

i’crcentago 
bcvercly ' 

na.emie. 

Number. 

Mean lib. 

j Percentage 

1 severely 
anajmic. 

1 

1 \ 

19.i 

03-1 

23 

lie 

C8-7 
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It is a common belief, shared by the author until he analysed these figures, 
that aniemia is more common amongst new coolies than amongst settled ones, and 
m fact it is often regarded as a disease primarily of new coolies. The present 
analysis affords no support for this view. If the percentage of severely amemic 
persons in the two groups is compared for each estate it will be found that only in 
one (No. 1) is there a marked difference, and in that the percentage is significantly 
higher amongst settled women than new arrivals. In no other estate is there a 
difference which might not be expected as a result of pure chance. The reason 
for the significant difference in estate No. 1 is not known. 

A second common belief is that all estates are essentially equally affected by 
the disease.^ The table gives very clear evidence to the contrary. There are great 
variations in both the mean haemoglobin value and the percentage of severely 
an©nuc cases. Statistical analysis shows that variations so marked as these could 
?nly be expected to occur by chance once in many millions of trials. It is beyond 
imagmation that the differences shown are anything but real, and ascribable to 
some defimte cause other than chance. 
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There is no true evidence of any seasonal evidence of anaemia. There is a very 
marked fictitious seasonal incidence with a peak in December and January. This 
is due to the fact that it is convenient to conduct an examination of the whole popu- 
lation during those months, and not due to any true seasonal variation in the disease. 
Clinical experience does not suggest any marked variation throughout the year. 


Morbidity and mortality due to anajmia. 

For most diseases to which reference has been made a figure has been quoted 
giving the annual number of cases treated. This is possible in the case of diseases 
with a rapid onset leading to early disability, which inevitably causes the patient 
to report for treatment. The case is quite different in anremia ; the onset is usually 
insidious, and at times extremely slow ; at first the degree of disability is slight, the 
sufferer accommodates his life to his lessened powers, and will usually continue to 
work until he is on the verge of collapse, when his hoemoglobiu may be found to be of 
the order of 25 per cent. On the estates on Avhich this work was done, and on most 
estates, it has been the practice for some years to try to identify cases before they 
reach this stage, to bring them under treatment in hospital, and to keep them under 
treatment until a satisfactory recovery has been made. Under these circumstances 
statistics of morbidity represent the energy with which search has been made for 
cases, the success in inducing them to undergo treatment, and the interpretation 
of the words ‘ satisfactory recovery ’ more than they do the true incidence of the 
disease. 

A calculation based on the known rate of improvement under ideal treatment 
shows that the 928 persons found at the census to have a hsemoglobin level below 
60 per cent would require an average of 33 days’ treatment each to reach that level, 
which is considered the lowest at which discharge from hospital should be allowed. 
This is equivalent to over 30,000 days’ treatment distributed over the total popula- 
tion of nine thousand people. This figure represents an enormous loss of working 
capacity to the labourer, and financial loss to the employer. It is not, however, 
an exaggeration. It represents the ideal condition which would be achieved if it 
were possible to induce every one of these persons to accept in-patient treatment 
at once, and to accommodate them. In practice there is considerable additional 
loss of efficiency in those who refuse treatment, or delay acceptance. 

Treatment on this scale has been practised annually for several years ; in addi- 
tion cases are sought throughout the year, and some cases report for treatment 
before they are discovered. The figures here given are thus considerably better 
than Avould be the case in an untreated population, and the loss of work to be con- 
templated is an annual one. 

The mortality due to ancemia is also difficult to assess directly. Ansemia may 
cause death in a number of ways. Heart failure is the usual mode of death, and a 
number die suddenly from simple ansemia without any complicating disease, either 
because they have escaped observation and treatment, or despite treatment. _ These 
account for 2‘98 deaths per 1,000 population per annum. Under any condition o 
abnormal stress a person who is ansemic may collapse and die. Sudden collapse is 
most common either during or immediately after childbirth, when the death is 
usually attributed to childbirth rather than to the true original cause, amemia. Tnis 
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is the most common cause of death in cliildbirtli, other complications being 
relatively rare, as the normal small size of the child at birth makes obstructed 
labour uncommon. 

There is no available method for calculating even roughly the number of people 
whose deaths, duo to other diseases, would not have occurred if they had not been 
complicated by anmmia. 

A common result of anicmia is premature childbirth. It is not usual to secure 
from a mother any accurate history of the duration of pregnancy, so the degree of 
prematurity is dillicult to gauge, but amongst children of anccmic women, birth- 
weights of two and three pounds are very common, and less common amongst the 
children of healthy women. Living children of as low a weight as one and a quarter 
pounds are not unknown. Uno.xplained deaths amongst these children shortly 
after birth are usually attributed to prematurity, whilst if death is delayed for more 
than a few days, it is usually described as due to marasmus or asthenia. In the 
absence of any accurate data on the subject, the author would attribute three-quar- 
ters of the deaths ascribed to prematurity, and half of those ascribed to marasmus 
and asthenia, to anmmia of the mother. If this is correct, these two conditions 
would account for IAS and 1‘3G deaths per 1,000 population per annum. 

The death rate amongst adults may be estimated in another way, though in 
this again there is a considerable element of clinical belief to introduce uncertainty. 
The very marked e.vccss of deaths amongst women as compared W'ith men in the 
age group 15 to -lo may be seen in Table III. "Without any doubt anoemia is a very 
l^arge cause of this difference, and the author believes that it accounts for it prac- 
ucally entirely. This difference amounts to an annual death rate of 2'79 per 1,000 
of the total population. 

From this type of indirect evidence, a moderate estimate may be made that 
in a population of 1,000 people, the annual loss of working time as a result of ancemia 
e.vceeds 3,000 days, and the annual loss of lil'e is of the order of six persons, three 
or four adults, and two or three infant.s. 



Part IV. 


DIET AND ANiEMIA. 

The diet normally consumed. 

The staple food of all these labourers is rice, with the constant addition of 
‘ dhal ’ {Cajanns indicia, a pulse resembling the lentil), and small quantities of 
mustard seed oil. Slost people also secure some green vegetable and some foim of 
animal protein on one or more days of the week. Tables IX and X illustrate the 
types of diets consumed. Eor the preparation of these analyses an jflssistant 
Medical Officer collected details of the total diet of each family for six days, and 
they were then divided by six and by the co-efficients of the Technical Commission 
of the League of Nations Health Committee (1936) to represent the average 
quantity consumed per man per day. The errors of this form of calculation are 
fully appreciated, but it serves as a convenient way of describing an average diet, 
and no exact reliance is placed on the figures produced. 

It is not in practice possible to discover the diet consumed by the average 
family on the seventh day of the week, when almost all people travel to the local 
market to make their weekly purchases and to enjoy themselves. It would include 
a quantity of rice beer, and some variety uf sweetmeats and delicacies. A smaller 
quantity of rice beer is normally consaffied throughout the week, but no account 
has been taken of its nutritive properties in the analyses given. 

Table IX. 

Diet consumed per man per day. Quantities are given in grammes. 


Group. 


Family 1 


Faiiily 2 


Family 3 

The family consuming diet (1) consisted of a man, ■wife, and five dependent children, 
was that of a man, wife and two cluldren, one of whom was at the breast. Diet (3) was tlia 
family of three adults and one dependent child. 

( 1020 ) 
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Table X. 

Showing (he analysis of (he (hrec diets given in Table IX. Analyses 
according (o Aykroyd (1937). 





Qu.ixtity roxsuaiED peu mas 


Constituent. 


Diet (1). 

n:u DAY. 

Diet (2). 

Diet (3). 

C-irboliydratc 



519 

059 

027 

Protein (vegetable) 



CS-0 

<*i’0 

73'3 

Protein (.inimal) 



0-5 


li>‘ / 

14-7 

P'ot (vegetable) 

(grammes) 


s-t 

S-1 

10’4 

llineral matter 


10-4 

9'3 

Calcium 



0-22 

0-20 • 

0*15 

PhoapIioru.s 



20 

2-5 

2*4 

Iron {milligrams) 
Calorics 

.. 


21-9 

2.5M 

30-4 

3,000 

20-0 

2,914 

CaroteuQ (International vitamin-A units) 


1.102 

1,412 

1,U4U 

Vitamin A 



1-0 

31 

41 

Vitamin B. (Intcniational units) 


7S9 

979 

900 

\itamin 13, 



present. 

24 

present. 

present. 

Vitamin G (milligrams) 


28 

30 


The diets are open to criticism on a number of grounds ; apart from the results 
of analysis they have the great disadvantage that there is no variation in the foods 
which supply the greater part of the dietary requirements, and that tliere is but 
small variation in the minor items. The analyses, when compared with the_ stan- 
dards suggested by Burnet and Aykroyd (1935) and the Technical Commission of 
the League of Nations’ Health Committee (1936, 1938) show a number of peculiar- 
ities which are too great to be explained by the method of computation. 

The calorie value of all the diets is satisfactory, and in each case is derived 
mainly from carbohydrates. The total protein intake does not fall far short of the 
usual standards, though the quantity of animal protein is less than desirable in diets 
(2) and (3), and negligible in diet (1). The amount of fat eaten is very much below 
the normally accepted standards, but as there does not appear in the literature any 
clear account of ill effects resulting from a low fat intake this is possibly of little 
importance, especially as almost the only fat consumed is, in any case, a vegetable 
fat with no vitamin content. 

The mineral content is chiefly peculiar for the very low calcium intake, w'hich 
in each diet is less than half the minimum desirable intake, and less than one-third 
of the ideal requirement. On the other hand, phosphorus is present in relatively 
large quantities, greater than the necessary minimum, and the P : Ca ratio is excep- 
tionally high ; it should be remembered, however, that the phosphorus content of 
cereals is said to be largely in a non-assimilable form. 

Iron is present in each of the three diets in apparently sufficient quantities! as 
It was in each of a number of other coolie diets which were analysed. Burnet and 
Aykroyd (loo. cit.) quote a tentative standard of 15 milligrams a day, and Aykroyd 
(IOC. ciQ, in discussing Indian diets, suggests that 20 milligrams should be 
adequate, while the League of Nations Committee’s standard is 10 milligrams. It is 
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interesting to compare these figures with those found by Davidson et al. (1933), who 
investigated the diets taken by a number of poor Aberdeen women, and correlated 
the findings with the incidence of anaemia. The average iron intake of non-anaemic 
persons was 11 A milligrams, and that of anaemic women lO-O milligrams; the 
highest intake of any of their subjects was below 23-2 milligrams, and only 7 out of 
49 had more than 15 milligrams, yet the modal and mean hemoglobin of these 
women were both much higher than those of the coolie woman in Assam. 

Calcium is credited with iron-saving properties, a low calcium intake necessitat- 
ing a high iron intake to prevent the occurrence of anemia. The model diet given 
by Napier and Das Gupta (1937) to one series of cases contained an allowance of 
456 grammes of milk a day which alone contributed 0‘55 grammes calcium, but did 
not result in any improvement in the blood picture. Two efforts were made to 
test the therapeutic effect of calcium, given in the form of calcium lactate with cod- 
liver oil, one on a series of apparently normal women, and one on a series of sufferers 
from serious anaemia. 

Three groups of women with hmmoglobin values ranging from 71 to 80 per 
cent were selected ; the first received 30 grains of the citrate of iron and ammonium 
daily for two weeks ; the second received 20 grains of calcium lactate, with cod-liver 
oil, daily, and the third received both the iron and the calcium for the same period. 
The haemoglobin values were again estimated at the end of the third week. The 
changes are set out in Table XI from which it will be seen that the calcium did not 
produce any increase in the haemoglobin level. 

The decreases in the means of the first two groups are not statistically signi- 
ficant, and the lack of improvement in those under iron treatment is only to be 
expected where these small doses are used. 

Table XI. 

The mean hcemoglobin values of three groups of ivomen, before and after 
treatment ivith (1) 30 grains of citrate of iron and ammonium 
daily for hvo tveeks, (2) 20 grains calcium lactate for 
Uvo weeks, and (3) both the iron and calcium. 


Group. 

Drug. 

Number 
in group. 

Mean Hb 
percentage at 
beginning. 

Mean Hb per- 
centage after 
treatment. 

1 

Iron only 

1 

12 j 

1 

75-5 

72-9 

2 

Calcium only 

11 

74-5 

73*3 

3 

1 

Iron and calcium 

12 

1 

74-2 

73-8 


Hb taken on the Hellige scale, on which 100 per cent is equal to 13'67 
grammes Hb per 100 c.c. blood. 


The experiment on severely anaemic women involved the addition of calcium 
lactate to the normal iron treatment. It was abandoned shortly after the star , 
as it soon became obvious that there was no therapeutic advantage, and a suspicion 
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arose in tlic mind of the author that it miglit even liave a harmful effect ; whatever 
the tlicoretical advantages of a continuation of tlie experiment, it was not considered 
justifiable to do so once this suspicion liad formed. A consideration of the negative 
results of the experiment on healthy women, and of the dietetic experiment of Napier 
and Das Gnpta, makes it highly improbable that the nmemia can be improved by 
the addition of calcium in any form to the food. 

The amount of carotene and vitamin A in the diets is much below the standard 
of 1,200 International units rpioted by Aylcroyd, a finding in agreement with the 
observed frecpiency of symptoms of deficiency of this substance, but there does not 
appear to be any good reason to connect this shortage with the presence of anaemia. 
The other vitamin of which there is some possible deficiency, though only a slight 
one, is vitamin C. AVith the one exception already mentioned no suggestion of 
scurvy has been seen amongst the population, and the clinical and pathological 
pictures do not correspond with those attributed to shortage of vitamin C. There 
does not, therefore, seem to be any reason to connect the prevalence of anaemia 
with a shortage of cither vitamin A or C, especially when the negative value of 
Napier and Das Gupta’s diet, which contained an adequate supply of both these 
substances, is borne in mind. 

The vitamin-B complex is present in adequate amounts in the diet, and no 
symptoms suggestive of a shortage of it have ever been noted. Although sub- 
stances rich in vitamin D are absent from the diet, their .absence is apparently 
compensated for by the normally brilliant sun. 

.tUthough these diets fall far short of all ideal standards which h<ave been 
suggested, there does not appear to be any sound reason resulting from an examination 
of the analyses to suggest that their deficiencies cause anasmia in those who consume 
them. 


The HiEMOGLOBIN BEVELS AITAINED BY PERSONS CONSUMING 
DII-TERENT VARIETIES OF RICE. 

In searching for an e.xplanation for the difference in hmmoglobin frequencies 
on different estates the possibility was considered that there might be some variation 
in the diets consumed. A superficial review indicated no such differences, but a more 
thorough examination revealed that the variety of rice most commonly consumed 
varied from estate to estate, and a possible connection between the consumption of 
one or other of these varieties and the prevalence of anaemia was therefore sought. 

The term ‘ rice ’ has previously been used unqualified. Four varieties which 
differ in appearance, taste, analysis, and in that vague entity ‘ protective value ’ 
are normally consumed. Rice may be milled or home pounded. Milled rice nor- 
mally, though not necessarily, is almost devoid of pericarp and germ. Home- 
pounded rice retains a considerable quantity of pericarp, and most of the germ. 
Before it is inilled or pounded, the unhusked rice may be heated in hot water or 
steam, when its characters are altered and it is termed ‘ parboiled ’ ; in other cases 
it IS used ‘ raw ’. The four 'varieties of rice are thus, milled parboiled, milled 
law, home-pounded parboiled, and home-pounded raw. 

In the census of 1936-37, every person was asked which variety of rice he or 
h 1 consumed. There is some seasonable variation in many people’s 

Habits, the number consuming home-pounded rice being greatest immediately after 
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the rice crop is harvested, and slowly declining thereafter. In making inquiries 
emphasis was laid on the normal habits of the snbiect for the greater part oi the 
year, and not the variety consumed at that particular time. 

With the information obtained it was possible to divide the population into 
four groups, each consuming one brand of rice, and to assign to each group its own 
haemoglobin frequency distribution. This was done separately for men, women, 
and children, the results for women being reproduced in a summarized form in 
Table XII 


T.VBLE XII. 


A summarized frequency distribution of hcemoglobin values of women, 
classified according to the variety of rice nmnnally consumed. 
Hcemoglobin estimated by the Tallqvist scale. 


Rice consumed. 

[ 

Number j 
in group. 

i i 

Percektaqe 

OE TOTAL WITU 

A H-EMOOLOBIir V.VLUE OF:— 

50 or less. 

55 to 60. 

65 to 70. 

75 and over. 

Milled raw 

443 

15-3 

27-1 

40-2 

17*4 

Milled parboiled 

237 

14-3 

22-3 

44-3 

19-1 

Home-pounded raw . . 

518 

12-4 

25-1 

47-7 

14*8 

Home-pounded parboiled 

j 1,465 

7-6 

17-7 

53*0 

21*7 


The table reveals a very much lower incidence of both severe and moderate 
anaemia amongst those women consuming home-pounded parboiled rice than 
amongst those consuming the other three varieties. The hypothesis that this 
difference is due merely to the error of random sampling is made an extremely un- 
likely one by analysis "by Pearson’s test. If the four groups were in fact iden- 
tical, then the chances against the production by pirre chance of a group so widely 
differing from the others as does the fourth group would be over three hundre 
thousand to one (x^ = 28’34, P = 0'00000332). 

The findings in men and in children corresponded in nature with those set out 
for women, though the lesser amount of aneemia in these two groups rnade le 
differences less marked. There can be no reasonable doubt that the incidence o 
anmniia is significantly less amongst those persons who normally consume home 
pounded parboiled rice than in those consuming the three other varieties. 

This demonstration of a relationship, however definite, does not prove that t e 
relationship is a causal one. A third factor might infl.uence the jg 

and at the same time be associated with the normal eating habits, and un i 
possibility is excluded it would be unwise to assume that the diet has a diiec e 
on the hsemoglobin level. 

There are many such possibilities of fallacy. It has already been 
the incidence of anaemia varies from estate to estate, and that the vane y 
consumed by the majority also varies. The choice between home-poun 
milled rice depends, amongst other things, on the availability of nee, 
conditions, and the proportion of the population who have settled down to cu 
their own land. The choice between raw and parboiled rice depends iarg y 
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upbrin"ing, iiiul in tlio ease of milled rice also on availability. In various direct 
and indirect ways economic conditions become linked with the varieties of rice 
normally taken ; the marked linkage is best illustrated by the fact that a very high 
proportion of widows consume milled parboiled rice. 

There are two methods by which a cau.sal relationship could be demonstrated ; 
by demonstrating a relationsliip between change in dietary habits, and change in 
Iramoglobin level ; and a demonstration that the association remained after all 
related factors had been eliminated. The first course was not possible to the author ; 
the second was therefore attempted. 


An KXACT CO.Ml'.VniSON' of the H.r.MOGEOniN LEVEL.S ASSOCIATED WITH 
CONSUMITION OF FOUR VARIETIES OF RICE. 


An e.xperimcnt was designed with the aim of securing one hundred groups of 
women, in each of which there were to be four women, one consuming each variety 
of rice, but otherwise resembling e.ach other as closely as possible in (1) age; (2) 
‘ chnl state ’, single, married, or widowed ; (.3) number of dependent children ; (4) 
period of residence in Assam ; and (5) the estate on which they lived and the company 
which employed them. It was thought that if these similarities could be secured, 
associated factors depending on economic conditions, age, surroundings, exposure 
to disease, and immunity to disease, could be ignored, and any remaining relation- 
ship between diet and luemoglobin value considered as a causal one. 

In this e.xperinient all examinations were, without exception, carried out by 
the author, and the Helligc luemoglobin estimation technique was used. Important 
errors of observation are, therefore, believed to have been eliminated. 


The experiment was confined to adult women in order to exclude sex difference 
and the more pronounced age differences. Women who had been resident in Assam 
for less than three years were excluded, in order to avoid confusion from possibly 
undiscovered cases of self-privation. 

The most important part of the work uas the selection of the groups of women. 
A key woman for each group was chosen by noting the appropriate particulars of 
every woman eating milled parboiled rice, the variety least commonly consumed. 
The census lists were then searched, starting from the point where the key woman 
was found, and the next woman on the list, consuming another brand of rice, who 
resembled the key woman within the following limits wms selected : (1) age within 

ten years ; (2) the same ‘ civil state ’, single, married, or widow'ed ; (3) not more 
than one more or less dependent children; (4) the period of residence in Assam to 
fall into the same group. 3 to 6 years, 6 to 10 years, 10 to 20 years, over 20 years, or 
born in Assam ; and (5) to be employed by the same company, and to live in a 
group of lines reasonably near to the key w'cman. This process was continued 
until the group of four was complete. 

The selections were made in a completely unbiased manner, and Hellige esti- 
mations were only made after the group of four had been completed. It wms not 
possible to arrange one hundred groups, as had been planned, but 69 groups were 
secured. It is believed that in each group the four women were as nearly as possible 
I entical in all relevant ways except the variety of rice normally consumed. 

The results of the hamoglobin estimations of these 69 groups of four women 
re set out in Table XIU. in the form of a frequency table, corresponding in form to 
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that used in discubsiug the result of the Taliqvist cstinuitions ; the results arc essen- 
tially the same, the average luemoglobin anil the proportion of each group severely 
aniemic fall into the same order as in the case of the Tallqvist series. 

In tlie present .series tlie average hieinoglobin of the grou[)s are statistically 
significant figures, and they are compared in Tabic XIV. Tlio significance of each 
difference between a pair of observations is cxpre.sscd in tcini.s of tlie odds against 
such a difference being found by chance ns the result of tiie error of random 
sampling, rvhicli has been caleuhitcd by Pearson’s te.st. 


T.vnuE XIV. 

A companion of the main hainoifiobin of four groups of women, resembling 
each other except in that each group were consumers of a 
different mrkly of rice. 


Typea of rico compared. 


^ j llomc-pouiidcd parboiled 
I Komc-pouiidcd raw , . 


j Uomo-pounded parboiled 
Milled raw . . 


f Houic-pounded parboiled 
3 1 

I AGllcd parboiled 


f Home-poimded raw , . 
■t \ 

1 5IiUed parboiled 


f Home-pouuded raw , . 
1 Milled 


raw 


Milled parboiled 
Milled raw 


^ f Combined homo-pounded 
1 Combined milled 


.MtMH lib 

(i( con- PilTereiico, 
per cent. 

per cent. 


75-on 

7P72 


7.7- !):i j 

70- 77 I, 

7.7- !)3 ^ 

G7'10 j 

71- 72 J' 

«7-10 f, 


71-72 1 
70-77 ) i 

1 

67'ZO I f 
70-77 /| 

I . 

73-82 ^ t 

68-93 I 


•t-21 


5-10 


S-83 


•1-62 


0-95 


.St.aiulurd 
error of 
dMereuco, 


-2-31 


2-30 


3-07 


4-89 


0-27 


-2-45 


2-38 


2-31 


1-63 


Probability 
tliat the 
(hlfercnco 
is real and 
not duo to 
chance. 


14: 1 


48: 1 


.S,S20: 1 


16: 1 


0-15: 1 


14: 1 


370: 1 


estimated by Hellige teohniquo, 100 per cent = 13-67 grammes Hb per 100 c.o. 

Jj Me. 
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It is apparent from Table XIV that liome-pounded parboiled rice is greatly 
superior in baemogenic properties to milled parboiled rice, and to a lesser extent 
superior to milled raw rice (see comparisons 3 and 2), Milled raw rice and bome- 
pounded raw rice occupy an intermediate position in tbe scale between tlie two 
types of parboiled rice ; there is, therefore, no clear distinction which demonstrates 
that either milling or parboiling has a harmful effect, though the analysis leaves 
no doubt that a combination of the two produces a rice very poor in hremogenic 
power, and that the richest in this power is the home-pounded parboiled 
product. 

The explanation of these difierences is not clear, and little information is ob- 
tained by a study of the analyses of the four varieties given by Ayhroyd (loc. ciL). 
In his tables home-pounded parboiled rice is stated to be richer than any other 
variety in calcium, phosphorus, and iron. In none of these is the milled parboiled 
rice inferior to milled raw rice, whereas there is a definite suggestion that it is inferior 
in hEemogenic power. Despite the lack of clear explanation, the presence of a very 
clear difference in the hffimogenic powers of these types of rice is an undeniable fact. 
The care which was taken to avoid confusing factors, and to make the four poups 
of women practically identical makes it almost certain that the relationship is a 
causal one. 

Both the Tallqvist and the Hellige series show a difference between these t}'pes, 
and the Hellige series makes it highly probable that the connection is a direct one. 
The Hellige series also, however, makes it highly probable that this dietary factor 
is a subsidiary one in the production of anaemia, and not the main cause. If the 
main cause were some factor dependent on these brands of rice, the consumers of 
the most favourable variety shoirld show not only a significantly higher mean haemo- 
globin, but also a significantly more compact grouping round their own mean, which 
woxdd be shown by a standard deviation markedly less than in other series. The 
standard deviations in these series are not significantly different from each other. 
The consumers of home-pounded raw rice, though one rung higher up the ladder 
than the consumers of other varieties, are still prevented from reaching the top by 
some other factor which has not yet been disclosed. 



Part V. 


AN.'EIMIA X'^D arALAEIA. 

Ei’IDKMlOLOGICAL COXSIDKRATIONS. 

It has been noted, in discussing the incidence of anicmiii. that there is a signi- 
ficant diilcrcnce in the incidence on difterent estates. In searcliing for a cause of 
the aiueniia, a searcli was made for some other factor wliich showed comparable 
variations on these estates. The severity of malaria seemed to be an unlikely 
connection, because the estate on which amemia was, and for several years had been, 
least notable was one of the most malarious. On this estate onl)' 3'1 per cent of 
women were severely anamiic at the last census, as compared with lO'd per cent in 
the general population, and the spleen rate had been consistently over 70 per cent 
until 1936, when it was reduced to 52 per cent. On the other hand, the estate in 
which anaemia was most marked, with 20-2 per cent of severely anaemic women, 
had a .spleen rate which varied from 35 to 26 per cent. 

All possible factors which might conceivably be considered to have any bearing 
on re.sistance to disease, nutrition, exposure to risk of disease, or the eflicacy of 
treatment were considered. With one exception no connection was found to exist 
between the factors examined and the incidence of amvmia. 

One factor showed similar variations. On those e.state.s which had a settled 
labour force and did not recruit short-teim labour, anannia was much less prevalent 
than on those taking large numbers of recruits. The intennediatc e.states had an 
intermediate incidence of aiucmia, a point which is illustrated in Table XV : — 

Tauck XV. 

The Tchiionship belivccn the proportion of reeenthj recruited population 
and the incidence of amemia. 


Ebtatc. ! 

i 

1 

Percentage of population ^ 
resident for less than < 
three years. 

1 

i 

I’erucutugc of women 
sovoroly aniomic. 

i 

] 

1* ! 

itil* 

I 

8-0 

2 

0-2 

3-7 

S 1 

0-6 

3-1 

4 

7-8 

10-5 

5 \ 

IPS 

i 14-0 

6 j 

14-1 

9-9 

7 

10-8 

11-9 

8 ! 

19-8 

18-2 

0 

22-0 

21-2 

10 

' 31-8 

16-3 

i 

45-0 

20-2 


* Ott this estate, and this estate only, the lines are 
intprjningled with a village with a floating population. 

( 1029 ) 
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The co-efi&cient of correlation between these two groups of figures is 0-82, with 
a standard error of 0*1. These figures would at fijst give the impression that the 
certainty of their association was fantastically high, but the small number of groups 
involved makes the certainty less than it would appear. In the table the percen- 
tages of new residents have been arranged in ascending order, and the percentages 
of anaemic women show a corresponding general increase, though the order is not 
exactly that of increasing frequency. The three estates with least anaemia head 
the list, and the four with most anaemia come at the foot. The chances of this 
occurring by pure chance, had there in fact been no connection, are represented by 
the equation (3/11)3 x (4/8)‘* = 0’001268, or T89 to 1 against ; a degree of certainty 
which is statistically accepted as very highly significant ; there can be no reasonable 
doubt that these two variables are closely associated. The connection is the more 
strange in that it has been demonstrated {see Part III) that the incidence of ansmia 
amongst newly recruited labourers is not higher than that amongst settled labourers. 
It means that the mixture of the two groups in one population is associated with a 
deterioration in the health of both. 


A possible explanation of this ciuious connection is suggested by the experi- 
ments of Greenwood and Topley (quoted by Greenwood, 1932). They showed 
that the continuation and severity of an experimentally induced epidemic in a 
herd of mice was greatly affected by the number of new entrants to the herd, and 
that in the presence of many new entrants the severity increased amongst old salted 
mice as well as amongst the new ones. 


This is the only apparent analogy, and it clearly suggests the investigation of all 
infective causes which might influence the degree of ansemia ; although malaria 
had been excluded as a probable cause on first review, it was thought best to include 
it in the second review. The first had considered the severity of malaria as varying 
only with the rate of transmission, of which the spleen rate is thought to give an 
indication ; the second considered as a major possibility an upset of the balance 
between infection and the premunition which holds the obvious signs of the 
disease in check in a population which has been exposed to the disease for a long 
.period. 

The discovery of malaria parasites in the peripheral blood is only possible in 
one or two per cent of adult women, though there are very good reasons for believing 
that the iiffection rate is far higher than this, and the search for parasites does not 
offer much hope of throwing light on the subject. It appeared that there were two 
possible lines of approach, firstly by the treatment of ansemic women on the prin- 
ciple that they were in fact suffering from malaria, and secondly by a more thorough 
search for parasites. If the ansemia were due to a disturbance of the balance ot 
inamunity, then the first method should result in an improvement of the blood 
picture ; the results of the second method, if the hypothesis is correct, are less siuely 
predictable because it was not assumed that immunity was disturbed in every 
individual of the population, and the discovery of parasites by finer methods or 
examination would throw little light on the immune condition of the individual. 


Teeatment oe anjsmic women. 

The intention in this experiment was to treat a representative sample of wonien, 
who showed that mild anEemia which is most common, on the hypothesis that they 
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were suffering from malaria. Tliose suffering from the more severe forms of clinical 
antemia, for wlxom an efficient iron treatment is available, and in whom no other form 
of treatment is jiistiriable, were e.vcluded. The women included were thus of the 
group which considered theinselve.s (juite healthy. 

It was decided to use ‘atebrin for injection’ as the antimialarial drug. It 
was not ncccs.'^arily believed that atebrin for injection liad any superior therapeutic 
powers compared with oral atebrin or quinine. The rea.s-on tor choosing it was 
that it wa.s the only available drug, and method of administration, wdiich could be 
administered in full therapeutic doses to women who considered themselves not in 
need of treatment. It would have been very difficult to persuade them to take a 
long course of oral quinine or atebrin, and to be quite sure that it had been taken. 
There was no doubt that the atebrin for injection had been administered, and 
retained. 

It appeared illogical to expect an improvement in liiomoglobiu, even after the 
causative agent of the ana-mia Jiad been removed, unless some therapeutic iron 
was also administered, as possibly many months might be required for the inges- 
tion in normal diet of the iron required for liau)ioglobin regeneration. Small doses 
of iron were, therefore, given to every ease treated, and an identical dosage of iron 
to an untreated control bracketed with each case. 

Cases and controls were secured in a mui\bcr of estate hospitals. A large 
number of women attending hosi)ital as attendants 0 )i sick children, and also sufferers 
from minor surgical ailments, cuts, bruises, and sores, were examined. Those with 
a hreraoglobin over SO per cent on tlie Ilellige scale were rejected as not anremic, 
and those with a limmoglobin under 35 per cent rejected as being too anmmic 
to be subjected to experimental treatment. Women falling between these two 
levels were taken alternately, as cases and coiitrols, and each case was bracketed 
rrith a particular control. The case received two injections of 0 3 g. atebrin with 
an interval of 21 liours between injections. The control received no such treat- 
ment. The citrate of iron and ammonium was then administered to both, the 
intention being to administer 30 grains daily for two wrecks. When either the 
case or control failed to receive the dose, it was Avitlilield from the partner. As a 
result all couples, case and control, received identical doses of iron, and the major- 
ity received their full treatment. iVfter two months’ interval from tlie date of 
mjection, the haemoglobin was again estimated. It was not considered desirable 
to make intermediate examinations, as the repeated drawing of blood, associated 
with injections, might have caused difficulty amongst the subjects. 

No ill effects of any sort were noted in the 44 women receiving injections. On 
one estate the control women later demanded injections because there had been a 
marked tubjective sense of improved well-being in those who had .received 
advauT”^* understand why they should be deprived of this 

In this way 44 couples were secured. Two cases and three controls were later 
immated from the series for the following reasons : (1) a case died of intercurrent 
^ ^ developed a severe sloughing carbuncle of the neck with the 
tion square inches of skin, hmmoglobin 65 per cent at the time of injec- 

) per cent at time of illness, 63 per cent at the end of two months ; (3) a control 
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suffered from pneumonia, ffsemoglobin 73 per cent at start, 48 per cent during 
illness ; (4) and (5) two controls could not be traced at tlie time of tbe second 
examination. 

The perfect bracketing of cases and controls was upset by this exclusion of 
five women. The unpaired five have been left in the series as they all took their 
complete iron course, and therefore approximately match each other. The final 
results would not be altered by their exclusion because the mean improvement 
shown by them was almost identical with the mean of the whole series. The 
mean improvement in each group is shown in Table XVI ; — 


Table XVI. 


The effect on the hwmoglobin level of two injections of atehrin, given to 
42 ivomen, with a series of 41 control women who 
received no alebrin. 



j 

Before TRE.vrMEUT. 

Atteb two months. 




1 

Series, 

j 

i 

1 ' 

Mean 
Hb 1 
per ! 
cent, j 

^ 1 

1 

! 

Standard ! 
i deviation, j 

i 

3 ^ 

Stan- i 
dard 
error 
of 

mean. 

4 

Mean 

Hb 

per 

cent. 

6 

Standard 

deviation. 

6 

Standard 
error 
of mean. 

Defferenoe 

BETWEEN 

1 AND 4. 

Stahdaed 
EEBOK OF 
DIFFERENCE. 

1 

42 

cases 

i 

63-55 

1 

10-8 

1-G7 

70-98 

11-7 

1 

1-80 

7-43 

2-46 

41 

controls . . 

1 

65-94 

1 

8-27 ! 

, 1 

1 

1-28 

67-16 

11-8 

i 

1-84 

1-22 

2-24 


HcemogloLin estimated by HelUge tecbniqiie, 100 per cent = 13’67 grammes Hb per 100 c.c. blood. 


There was a marked, but not significant, difference between the mean haimo- 
globin of the two series as first recorded. The case ’ group was 2-39 per cent less 
than the ‘ control ’ group, a difference which might be expected to occur by pure 
chance once in four series. The standard deviation was also considerably greater 
in this group, the difi’erence being snch as might occur hy chance once in abou 
eleven trials. These differences are not of the order considered significant m 
statistical analysis. 

After treatment there was an increase in the mean hsemoglohin level of the 
‘ ease ’ group of 7-43 per cent. An increase of this magnitude might only be ex- 
pected as a cbance result once in 228 times that tbe experiment was repeatem 
is well outside tbe normal limits of error and is statistically highly significant. 

The control series show no change in their mean hremoglobin which might not 
be expected to occur by pure cbance six times out of every ten that such a serie 
was taken ; the increase of T2 per cent is statistically quite negligible. 
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There thus appears to be strong reason for believing that the atebrin had a 
distinct eiTect on tlie Inemoglobiu level. This impression is heightened by a more 
detailed anal 3 'sis of the results. 

In the treated group, d2 women increased their hannoglobin, one remained 
unchanged, and 0 decreased. The mean increase among.st tiiose who improved 
was lO' t per cent, the mean decrease of those who deteriorated 3‘8 per cent. The 
greatest increase was 3(5 ])er cent, and the greatest decrease 8 per cent. 

In the control grouj), in 21) women the luemoglobin increased, in 2 it remained 
unchanged, and in 19 it decreased. The mean increase was S’7 per cent amongst 
those who improved ; amongst those who deteriorated the mean decrease was 7'2 
per cent. The greatest increase was 23 per cent, .and the greatest decrease IG per 
cent. Six women showed a decrease greater than the 8 per cent shown by the worst 
woman in the treated group. 


Ta«i,k XYII. 


Ihcmoglobin rari(ttio)L't. chnssf/ied accordintf to tlir orujinul level, in a group 
of women (railal with atebrin, and a vontrol group. 




Tiikatud oiioue. 


COSTIIOL GROUP. 

Original 

Hb 

pen cent. 

tZ 

o 

Increased. 

^3 

o 

SP 

1 

Decreabcd. ' 

U 

Increased. 

O 

50 

Decreased. 




3 

o 

1 



"u 





d 




6 


35 to 39 

1 

1. (3) 







10 to 44 

2 

2. (19. 3) 


.. 


- . 

■ ■ 

• • 

15 to 49 

3 

2. (0, 30) 


1. (1) 

3 

2. (13, 0) 


1. (3). 

50 to 54 

4 

4. (19, 9, 8. 11) 

■■ 


1 

" 


1. (1C). 

55 to 59 

2 

2. (5. 1) 

.. 


3 

2. (13, 11) 


1. (4). 

60 to 64 

5 

•1. (IG, 8, 30, 7) 

• • 

1. (-1) 

9 

4. (23, 7, 7, 1) 

1 

4.(13, 10, 9, 
3). 

65 to 60 

11 

7. (18, 12, 12, 11, 

9, -1, 3). 


4. (8, 4, 3, 1) 

8 

4. (19, 12, 8, 

5) 


4. (19, 7, 6, 4). 

70 to 74 

7 

0. (11, 11, 10, 9, 

5, 1). 


1. (3) 

11 

5. (15, 8, 4, 2, 
3). 

1 

5. (8. 9, 5, 4, 
3). 

75 to 79 

7 

4. (14, 5, 4, 4) 

1 

2. (5, 2) 

6 

3. (12, 4, 2) 


3. (4, 8. 11). 


The figures in brackets indicate the actual change in hainoglobin in the individual cases. 

technique, 100 per cent = 13-67 grammes Hb per 100 c.c. 
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It is unfortunate tliat the method of random choice of cases and controls 
resulted in an uneven pair of series, with several more women with lower 
grades of hsemoglobin in the case group than in the control. Nevertheless the 
indications in Table XVII are clear. In the control group, whatever the 
original haemoglobin, its subsequent alterations appear to have been a matter 
of pure chance. In the treated group the great majority of those with a 
haemoglobin level below 66 per cent at the start of the experiment showed 
marked improvement. Of those with a haemoglobin of 65 per cent or over at 
the start, 17 out of 25 showed improvement, one remained unchanged, and 7 
showed a mean decrease of 3 '7 per cent. 

The possibility must be considered that, apart from its action on malaria para- 
sites, atebrin is in itself a stimulant to haemopoiesis. The scientific staff of the manu- 
facturers are unaware of any such action although extensive investigations into its 
pharmacology have been made, during which such a point could hardly have been 
overlooked. There are very few records of observation on patients available. 
Vardey (1935) who described the changes following atebrin treatment in malaria 
cases did not note any change in a non-malarial control. Jarvis (1932) noted an 
average increase of 9*2 per cent in the haemoglobin of five malaria cases during 
treatment with oral atebrin, an increase which appears to have continued after the 
end of treatment, and Duncan (1933) also treating patients suffering from malaria 
found an increase during treatment of a 6 per cent, which continued after the end 
of treatment. He attributed this increase to a combination of the effects of atebrin 
and rest and nourishment. The similarity between their increases and those found 
in the present series is notable. 

It is, therefore, clearly demonstrated that atebriii by injection produced a 
significant increase in the hemoglobin of these women, and there is reason to 
believe that such an increase might be due to the cure of undeclared malaria. 


The eelation between infection of the placenta with malaeia 

PAEASITES AND HAiMOGLOBIN LEVEL. 

\ 

The most hopeful line along which a more thorough search for malaria parasites 
could be made appeared to be the examination of placental blood films. Black- 
lock and Gordon (1925(i, h) made a thorough study of malaria in Freetown, Sierra 
Leone, by this method, and were able to demonstrate parasites in the placental 
films of 36 per cent of women in whom the parasite rate in the peripheral blood was 
7‘7 per cent. The present author had the advantage of studying then technique, 
and examining their specimens, and it was decided to use this method in studying 
the ansemias. It is true that the anaemia encountered in these women would 
normally be classified as ‘ anaemia of pregnancy ’, but as there had appeared 
little difference between this type and the usual anaemia, except that the 
was more severe and more resistant to treatment, this was considered of little 
account. 

Placental blood films were prepared by Assistant Medical Officers from ^ 
of parturient cases, and the haemoglobin was estimated by the author by the 
technique. Practical difficulties made the estimation of haemoglobin immedia e y 
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after lalioiir almost impossible, and there was the added disadvantage that, talren 
at that time, it might relleet tlie degree of hamiorrhagc following labour more than 
the ‘nmeral blood pieturc of the patient. Estimations were therefore made after 
an interval whieh varied from .seven to fourteen days. Previous experience with 
some thousands of Talhivist estimatioim suggested that little change might be 
e.xpccted in the blood picture between the bust .stages of pregnancy and this stage 
of the ])uer])eriuin. 

A total of 8.6 blood iilms were secured, of which -1 were subseriuently rejected 
from the series, two being t<to decomposed for examination, and in two cases 
it being not practii'able to estimate the luemoglobin. One case was included in 
which the sole luemoglobin estimation was by the Tallqvist tcchnicjue, two days 
before delivery. In this case the luemoglobin was 3.6 per cent, and the patient died 
of heart failure immediately after delivery. 

Of the remaining SI films 0. or IM per cent, were found to contain malaria 
parasites. In all cases the species was diagnosed as Phit-inodium falcijxiiiiiii ; in 
6 the .sporulating forms, seen by Blae.klock and Gordon in all their cases, were 
present, in the other 3 ring forms only. 

The htemoglobiu findings, together with their .standard deviations and the 
standard errors of the means, are set out in Tables XVHI and XIX. The mean 
of the infected .series was considerably greater than that of the uninfected, but the 
small number of cases in the former makes the dilTerence statistically insignificant, 
being of the order such as might be expected to occur by pure chance once in every 
eleven times that the series was rcpeiited. 


Tauuk XVIII. 

The mean hannoglobin in 9 vomeii in whom malaria jiarasites 
were ^rreseui in the ■])lacenlal blood, ami in 72 in 
ivhom then were not found. 


Scrie.s. 

Mean 

1 

Standard , 

Standard error 

hannoglobin. 

deviation. 

1 

of mean. 

1 

Infected 

! 

09H 

1 

1 lC-3 

3-8 

Not infected . . 

02-5 

17-5 

1-5 


Haemoglobin estimated by Hellige technique, 100 per 
cent = 1^*67 grammes Hb per 100 c,c. blood. 
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Table XIX. 

The frequency distribution of hcemoglobin values in tiuo series 
of women, in one of lohich malaria 'parasites xoere 
present in the placental blood, and in one of 
tvhich they were not found. 


Haemoglobin 

percentage 

value. 

Distribution of 
uninfected series. 

Distribution of 
infected series. 

20 to 29 

2 

Nil. 

30 to 39 

6 

1 

40 to 49 

12 

Nil. 

50 to 59 

18 

2 

60 to 69 

9 

1 

70 to 79 

19 

1 

80 to 89 

11 

4 

90 to 99 

2 

Nil. 

100 and over .. 

2 

Nil. 


Hasmoglobin estimated by Hellige technique, 100 per 
cent — 13’67 grammes Hb per 100 c.c. blood. 


These observations give a quite clear answer to the question whicli it was 
intended to answer ; the presence of malaria parasites in the placenta is not neces- 
sarily associated with a low haemoglobin level. They suggest that parasites may 
tend to be associated with a hmmoglobin level rather above that in those in whom 
parasites were not found, but this suggestion is not of sufficient strength to be con- 
sidered important. 

The relationship between anaemia and malaria, therefore, remains uncertain. 
It has been shown that there is without doubt a relationship between the incidence o 
aneemia and the proportion of new entrants in the population, and analogy sugges s 
an infective cause. The improvement in the blood condition that results rom 
administration of atebrin suggests strongly that this infective cause is_ makria, an 
though this hypothesis is not supported by the placental examinations, it is no 
thereby made improbable. There is another condition, blackwater fever, chara 
terizecl by haemolysis and ancemia, and now universally attributed to ’ 

occurring only when non-immune persons mingle with a highly infected popula i ; 
and in which the presence of malaria parasites is very difficult to demons r ^ 
The author believes it highly probable that further research will demons ra 
close connection between these two conditions. 



CONCLUSIONS. 


The work of Niipicr and Das Gu])(a lias shown that tiicre is some connection 
between the prevalent anicmia and infection with hookwoim ; it is the opinion of 
the author that it has also demonstrated the existence of some other factor, of 
greater importance than hookworm infection, which contiols the prevalence of the 
disease, though hookworm infection may aggravate the severity, and make cure 
somewhat more diliicult. A dietetic factor, depending on the variety of rice nor- 
mally consumed, has been clearly proved in this work. This factor, though its 
importance is more clearly proved than is that of hookworm infection, is of the same 
order. It is not the predominant cause. It has been proved without reasonable 
doubt that a most important cause, jirobably the chief cause, is the mingling of 
newly arrived labourers with settled residents. The e.vact mechanism by which 
this mingling produces it.s effects is not certain ; analogy strongly suggests that it 
operates through an infective process, the improvement of the anmmia by atebrin 
suggests that this process is malaria, but this is not supported by examination of 
placental films for malaria parasites. 

It has not been possible for the author to complete the investigation to deter- 
mine the mechanism by which the effect is produced. He would like to suggest 
to other- workers, for proof or disproof, that it operates either by an admixture of 
different strains of malaria parasites, or by an upset in the balance between trans- 
mission and immunity which occurs when non-immune entrants mingle with an 
immune, or prcmuue, population. Useful information might be gained from a 
comparative study of the blood pictures of similar groups of people living in mala- 
rious areas, and in areas entirely free from malaria. 

Wiatever the method of operation, one point of value in the prevention of the 
condition is clear-, new entrants should not live in close contact with old settled 
inhabitants. It is the usual practice on estates to have the lines arranged in two 
or more distinct groups, often separated by considerable distances. So far as possible 
newly recruited labourers should be drafted to separate groups of lines in an 
effort to secure the segregation of the two classes of people. If this is done a marked 
reduction in the incidence of anaemia is to be expected. 

A point of value in the treatment of the condition is also clear. The 
expectation of improvement in these cases may be increased by the adminis- 
tration of atebrin, together with the usual iron treatment. 

Should the connection between anaemia and malaria which has been suggested 
prove to be a definite one, the indication of the increased importance of malaria 
control is also clear. 
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SUMMAEY. 


A very common condition of anosmia affecting estate labourers in Assam is 
described, and a brief account of the pathology, taken from the work of Napier and 
Das Gupta, given. 

Doubt is expressed that the commonly accepted cause, hookworm infection, 
is in fact the cliief cause of the condition. The doubt is based on the lack of corre- 
lation between the degree of infestation and the severity of anaemia, and on the 
uncertain effects of infestation on cure of the anaemia. 

An attempt has been made to find other possible causes by means of an 
epidemiological study of the condition, and of the background on which it occurs. 
The technique of the various methods used is described. 

An account is given of the district, and of the general characters of the popula- 
tion studied. The chief vital statistics and the death rates by age groups and causes 
are given, and also an account, numerical as far as possible, of the incidence of the 
chief diseases. 

The frequency distribution of haemoglobin findings in 9,042 persons, classified 
into men, women, and children, taken by the Tallqvist method is given. Of women 
10'42 per cent, of children 5-33 per cent, and of men 2-77 per cent are classified as 
severely anaemic. 

A comparison is made between the incidence of anaemia in newly recruited 
and settled women, and found to be approximately equal in the two groups. This 
is contrary to normally accepted belief. 

A comparison is made of the incidence of anaemia on different estates, and 
marked differences demonstrated ; this is also contrary to commonly expressed 
opinion. 

The morbidity and mortality resulting from anaemia is estimated as being of 
the order of a loss of 3,000 working days and six lives per 1,000 persons per 
annum. 

The diets normally consumed are described and analysed. They show htt^® 
variation in constitution from day to day, consisting mainly of rice and a puise. 
Fat is very deficient ; the calcium intake is very low ; the P : Ca ratio is 
intake is above the normal standards ; carotene and vitamin A are very deficien , 
a finding which corresponds with clinical findings; other vitamin standards are 
nearly attained. 

An experiment to determine any possible therapeutic effect of the oral adminis 
tration of calcium gave negative results. 

An analysis of the Tallqvist readings of the 9,042 persons examined, and f^ 
each of whom the variety of rice normally consumed was known, showed a very 
significantly lower incidence of severe anaemia amongst those consuming nom 
pounded parboiled rice than amongst those consuming other varieties. 

An exact comparison of the hmmogenic properties of the four varieties of rice 
normally consumed was made. Sixty-nine groups of four women were examin , 
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in each group tlic four women closely resembled each other in all factors likely to 
influence the luemoglobin level, except that each consumed a dilTerent brand of 
rice, one consuming each of llie following : homc-jioundcd parboiled : home-pounded 
raw; milled parboiled; milled raw. The mean luemoglobin. estimated by the 
Ilellige technique, of tho.se consuming different varieties was then compared. 

The mean luemoglobin value of the scries were; home-pounded parboiled, 
70-93 per cent ; home-pounded raw, 7r72 per cent; milled raw, 70'77 per cent; 
milled parboiled, G7-10 per cent. 

The dillercnce between the home-pounded parboiled and milled parboiled 
series is very highly significant; that between the home-pounded parboiled and 
milled raw series is also significant. 

The explanation of the differences is not clear from a study of the analyses of 
the four rices, but is definite. It is considered that the varying luemogcnic proper- 
ties of the rices is a subsidiary, and not the predominant, cause of the prevailing 
ancemia. 

The varying incidence of anajinia on different estates was studied, and one 
significant associated factor disclosed. Although the incidence of aiuemia amongst 
newly recruited and settled labourers on any estate is about equal, yet anaemia is 
significantly most frequent, among.st both types of labourers, on estates where 
there is a high proportion of newly recruited labour. 

An analogy is suggested with Greenwood and Toplcy’s experimental epidemics, 
and the possibility of an infective cause is, therefore, suggested. 

Jlalaria, as estimated by the spleen rate, shows no correlation with the 
incidence of anaemia, but it is considered as a possible cause, on the hypotheti- 
cal grounds that the mixture of new and settled persoiis with varying degrees 
of immunity might cause an upset of the balance between infection and 
immunity. 

Two experiments were designed to test this hypothesis ; in the first, 42 mildly 
antemic women were treated with atebrin by injection, and -11 control w'omen left 
untreated, and their haemoglobin changes watched ; in the second, 81 placental 
filnrs were examined for malaria parasites, and the findings correlated with 
the haemoglobin findings. There was a highly significant increase in the haemo- 
globin of the 42 treated women and none in that of the controls. The 
second experiment revealed no significant difference between the positive and 
negative cases. 

The investigation had to be stopped at this stage, but the possible implications 
of the last findings are discussed. 
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Introduction. 

This work was uudertakeu witli a view to iacoeporating au important teck- 
nique of forensic value with the routine of this laboratory. 

Attempts were made to obtain the anti-M and the anti-N fluid for the pre- 
liminary typing of some of the professional donors under control of this laboratory, 
from a medico-legal worker in England. The latter’s colleague expressed his 
regret at not being able to supply the fluids ‘ in the present state ’ of their work 
but recommended a commercial continental firm which he thought would supply 
satisfactory antifluids for the preliminary typing of bloods, preparatory to 
lujecting rabbits for the preparation of the antifluids locally. 

The antifiuids wmre obtained from the aforesaid commercial firm. They were 
rather expensive ; but the enclosed directions disclosed a very valuable technique. 
Unlike the procedure recommended by 'Wiener (1935) in America and by Harley 
(1936) in England the reaction could be performed macroscopically and quickly, 
exactly as ordinary macroscopic grouping tests are done. 

Onr next step was to prepare the antifluids acting briskly and specifically like 
the antifluids of the commercial continental firm. With the exercise of the usual 
care needed in- quantitative absorption not much difficulty was encountered, only 
some antifluids had to be rejected. From the first batch of rabbits injected with 
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OM and ON r.b.c. we obtained the two antifliiids which acted briskly and specific- 
ally. The results of the unknown bloods tested with the commercial fluids and 
our own fluids were identical. 

In this communication will be dealt with : — 

I. The technique of typing the r.b.c. of a subject, 

II. . the technicjue of preparing the antifluids for typing, and 

III. findings in SCO bloods from Indian cases in hospitals in Calcutta. 

IV. associated considerations. 

Incidentally, the nomenclature I, II, III, and IV is now not only arckaic but 
also incongruous with M, N, and MN. The nomenclature 0, A, B, and AB has been 
used in this communication. A diagram illustrating the iso-haemagglutinogens and 
the iso-haemagglutinins is appended. With reference to the diagram the sub-groups 
with Ai and Aa and the distribution of M and N are explained, and equivalents in 
I, II, III, and IV are also given, for the benefit of those only familiar with the older 
nomenclature. 

The human r.b.c. are now grouped by means of group specific sera and typed 
by means of type specific antifluids. 

I. The tecknique oe typing the e.b.c. 

1. Apparatus required. 

{i) Standard drill and wire gauge of the L. S. Starrett Co., U. S. A. Small 
capillary pipettes with lower ends fitting hole No. 58 are made with this gauge, 
Only the drawn part of a glass tubing, measuring 4 to 8 inches, is used. _ The upper 
ends are cut clean. The pipettes are worked with the finger tip. It is surprising 
how easily they draw up fluicl with a suitable tilt of the container. When held vert- 
ically and allowed to deliver a drop in about a second they deliver 50 drops to a c.c. 
They are calibrated capillary finger pipettes. 

Over fifty of such pipettes can be made from one foot of glass tubing I inch 
in diameter. Some of the small ones are sterilized in plugged tubes. They are used 
in drawing the antifluids from their phials. Others are used without further treat- 
ment. 

Wire gauges of other makes and calibrations may be used. 

(ii) Glass slides, preferably old. On such slides drops of r.b.c. suspensions and 
the group testing serum or the antifluids spread easily. 

The obverse of each slide is divided into two halves by a line drawn with a 
grease pencil. The reverse is marked along the lower border with the distingmsh- 
ing number of the specimen. The left half of the slide will receive either the group 
specific serum a or the anti-M fluid and the right half either the group specific serum 
b or the anti-N fluid. 

{in) Glass rods, about 5 inches long, w'ith rounded ends, to stir and^ spread 
r.b.c. and antifluids on the slides. One rod will stir the two halves of a slide, 

{iv) Medium-sized Petri-dishes and small watch-glasses to make moist chambers. 
A piece of filter-paper is folded, soaked in water, and left in the watch-glass m tJie 
Petri-dish. Four slides can be conveniently placed, manipulated and mspec e 
at stated intervals, in one dish. 


Plate XII. 
Blood groups. 



Jansky Moss New 

I IV O 

II II A 

III III B 

IV I AB 


A and 15 arc tlic is(>-li.uin.i;;^lutino{;ciis. 

a and b are the corresiiondiiif' iso-Ii.cmagglntinins. 

The group is named after the iso-li.emagglutinogens. 

The four groups indicate the only four |)033ibilitic8, compatible with life, in 
''hich the iso-ha;inngglutinogenH and the iso-ha!magglutinin3 can co-exist in 
the same subject. In a ‘defective’ group an iso-hainiagglutinin which can 
exist compatibly with life is absent (e.g., 0, a ; A, o). 

Further division of A into A, and A, (and into A,B and A.B) increases the 
number of groups to six. 


Quite unrelated to A and B are the iianiiagglutinogens (not iso-hmina'^glu- 
nogens) Jf and N. They occur as M, N, or MN in all subjects of aUgroups.° No 
M P them. They differentiate three in each group and thus 
consm»r°’i‘*‘^ ® ^ o ‘inscriptions of blood, if only the original four groups are 
A bloo 1 ’ “nscriptions, if sub-groups with A, and A^ are also considered. 


OM ON OMN. 

AM AN AJIN. 

BM BN BMN. 

ABM ABN ABMN. 


thereTore'^'^irmn technique in determining A^ and A.. They are, 

fleterminabi amf workers m forensic medicine. M and N are easily 

able and are receiving due recognition all over Europe and America. 
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of the same type as the recipient is desired, the compatibility must first be 
establislied by grouping. 

3. Antifluids. 

The anti-M and anti-N fluids obtained from the commercial firm were contained 
in 1 c.c. hermetically sealed ampoules. They rvere distinctly turbid, had a whitish 
deposit at the bottom, and smelt strongly of an antiseptic. Two ampoules, one of 
each antifluid, were shaken, opened and a calibrated capillary pipette dropped into 
each. 

4. Typing. 

Glass slides suitably divided and marked for each blood suspension were placed 
in the moist chamber. On the left of each slide was placed a drop from anti-M 
fluid and on the right a drop from anti-N fluid. Drops from the corresponding 
tubes of suspensions were added, mixed with stirring rods and spread over an area 
of about 3/5 inch in diameter. Agglutination occurred almost immediately. 

It was then decided to dilute the antifluids in the geometrical series I, ^ • 

until the agglutination occurred in 5 minutes. The weakest dilution capable of 
producing the agglutination, in an equal volume of the cell suspension, in 5 minutes, 
was taken as the minimal agglutinating dose. Twice the minimal agglutinating 
dose was employed in testing the suspension. It was found that the anti-M fluid 
had to be diluted with three volumes of normal saline containing 0*25 per cent 
tricresol and anti-N fluid with one volume only to give the required dose. 

The reaction was recorded after 5 minutes, 15 minutes and 30 minutes. _ Some 
blood suspensions gave a ± reaction in 5 minutes and a -}- reaction in 15 minutes. 
These bloods were re-tested with double the usual dose (2 drops of the dilution to 
one drop of the cell suspension) and a -f- reaction obtained in 5 minutes in most 
cases. In some cases the speed of the reaction could not be accelerated even with 
the undiluted antifluid. No new change occurred in a suspension after 15 minutes. 

The slides were kept in the moist chamber all the time. The drops were set 
in motion, before taking the reading, by tilting and untilting the dish with a clock- 
wise and counter-clockwise rotatory motion. Incipient agglutination was read 
with the aid of the hand lens. A mere sedimentation of the r.b.c. was at once difler- 
entiated from the agglutination by the cells arising from the slide and producing tlie 
appearance of a thin cloud dispersing before a gentle wind and forming patterns 
before going into a homogeneous suspension again. The preparations in the moist 
chamber resisted drying for 24 hours, the r.b.c. in most of them, however, were 
found lysed next day. No necessity was ever felt for removing a slide from the 
chamber for manipulation or inspection. Herein lies the superiority of the macro- 
scopic technique over the microscopic technique. Manipulation and observation 
can never be made so easily and speedily under a microscope. 

5. Typing until the antifluids prepared hy %is. 

The antifluids prepared by us are found to correspond, in strength, to the dilutee) 
antifluids of the commercial firm. They are used undiluted and give in 5 
results which are identical with those obtained with the commercial antifluids, i u 
ed and undiluted. The results are read in 5 minutes, 15 minutes, and 30 
as was done before. After 15 nainutes no new change occurs. As was done e o 
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the blood suspensions which give a ± reaction in 5 minutes are repeated with 
double the usual dose (2 drops of the undiluted antifluid of our own make and to 
one drop of the cell suspension) and a -j- reaction obtained in most cases. The 
results are recorded in the 4th and 5th columns of the above table, 

II. The technique of peepaeing the antifluids. 

1. Collection of OM and ON bloods. 

OM and ON bloods from professional donors are collected in Ecus and Turner’s 
solution, as recommended by Wiener (Zoc. cil.), as follows : 3-8 per cent sodium 
citrate solution, in lots of 20 c.c., is sterilized in 100-c.c. flasks ; 54 per cent glucose, 
in lots of 50 C.C., is sterilized in 250-c.c. flasks ; 30 c.c. of blood from a donor is drawn, 
added to the citrate solution, and the whole added to the glucose solution. The 
mixture is kept in a refrigerator. Fifteen c.c. of a packed deposit of r.b.c. can be 
obtained from the 100 c.c. of the mixture. Eequired quantities can be withdrawn 
with a 10 c.c. pipette. Strict sterility must be maintained. The mixture remains 
fit for use for over two months. A slight or even marked colour in the supernatant 
fluid can be ignored and so may be darkening of the deposit, as long as there is no 
smell and no turbidity or other signs of bacterial growdh. 

The mixture is centrifuged and the supernatant citrate and glucose solution 
removed. The deposit is washed once in sterile saline. These operations are done 
in rubber-capped centrifuge tubes when the r.b.c. are reej^uired for injection. For 
absorption the capping of the tube is not necessary. 

2. Injection of rabbits for anti-OM and anli-ON sera and collection of the sera. 

Full-grown rabbits w'eighing about 3 lb. (the usual weight of a rabbit purchased 
in Calcutta) are injected intravenously with a 50 per cent suspension of the r.b.c. 
as follows : — 

1st injection 

2nd injection, on the 4th day 
3rd injection, on the 8th day 
4th injection, on the 12th day 

Ten days after the last injection the animals are bled. The serum is distributed 
in lots of 1-25 c.c. in small phials which are corked with paraffined corks, inactivatec , 
a.nd stored frozen (in the freezing chamber of a refrigerator). 

3. Absorption of anti-OM and anti-ON sera ivith 0 and obtaining of the residual 
anti-M and anti-N fluids. 

{i) Absorption of anti-OM serum. — So far we have found that a good serum 
when diluted 1 in 25* agglutinates both r.b.c.- OM and ON in an equal volume 
of a 2 per cent suspension in 30 minutes. The clumps of the OM r.b.c. appear 


* Two drops of serum, from the calibrated pipette, added to 1 c.c. of saline innke a . -q 
dilution which is approximately a 1 in 25 dilution. Addition of an equal volume of saline gives 
dilution. Higher dilutions of 1 in 100 and 1 in 200 are obtained, if desired, by the same pr 
doubling the volume. 


c.c, 

1 

1 

2 

4 
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more conipacfc in comparison with those of the ON cells. None of our sera has 
agglutinated the 0 r.h.c. in a 1 in fjO dilution. 

One c.c. of the serum (or a little over, a.s mucli as can he removed from the 
phial) is added to 1 c.c. of a ])acked depo.sil ol ON cells in a 15-c.c. centrifuge tube 
and the two mi.xed by gentle tapi)ing and rotation. The r.h.c. are agglutinated 
into a gelatinous ma.ss. The tube is left in an aim().st horizontal position in a moist 
chamber, for half an hour at room tem}^cn^turc, for half an hour in a refrigerator, 
andfor lialf an hour again at room iemperalnre. It is then eeutrifuged and a clear 
fluid (with or without a tinge of colour) measuring ()•! c.c. to 0 2 c.c. more than the 
.serum added (due to a tighter jjaching ol the r.h.c.) separated. 

One drop of the absorbed Iluid is tested with one drop of a 2 per cent OM 
r.b.c. If agglutination commences in about two minutes and is complete in five 
minutes the potency is regarded a,s good. 

One. two, and three drops of the absorbed Iluid are ne.xt tested, on a slide 
marked into three compartments, with one drop of a 2 per cent ON r.b.c. If no 
agglutination occurs in any of the compartments in 20 minutes the specificity of 
the fluid is regarded a.s good. 

If agglutination (definite or even a granularity) occurs with one. two, or three 
drops the specificity is defective. The .scrum must he re-absorbed with I c.c. toO'5 
c.c. (depending upon tlic degree of the agglutination) of packed ON r.b.c. The 
re-absorption docs not lower the titre for OM r.b.c. 

The absorbed fluid of a good potency and .s])ccificity is the anti-M fluid. It 
is collected with a capillar}' teat pipette, traiKslerrcd to a phial, and preserved with 
0‘25 per cent tricresol.* One c.c. of the fluid suificcs for '10 to 50 tests. 

(ii) Absorption of ant i-ON scrum.— The scrum when diluted 1 in 100 to 1 in 
200 agglutinates both r.b.c. OM and ON in ccjual volume of a 2 per cent suspension. 
The ON r.b.c. are made more compact in comparison with the OM cells. 

The serum is diluted 1 in •! to 1 in 8 with normal saline, the rest of the proce- 
dure is the same as described for the absorption of the anti-OM serum, with OM 
substituted for ON. 

The re-absorption of the anti-C)N scrum with’OM r.b.c. low'crs the titre for ON 
r.b.c. also. The finished anti-N fluid, however, acts as briskly as the anti-M fluid, 
the reason being that a 1 in -1 dilution of a scrum found agglutinating perfectly in 
V dilution and giving a ± reaction in the next higher dilution is stronger 
than the pure serum which agglutinates in a 1 in 25 dilution but not in a 1 in 50 
dilution. The discrepancy is due to the inequality of spacing in the geometrical 

senes, 1/25, 1/50, 1 / 100 , 1/200. . . . 

Contrary to the published findings we have had very little difficulty in the 
preparation of the anti-N fluids. Our anti-ON sera have usually acted briskly, 
sharply, and in a higher dilution than the anti-OM sera ; and our anti-N fluids 
have been of good potency and specificity. Our anti-OM sera, on the other hand, 
have often been poor and our anti-M fluids inert. 


tricrpcM purpose of adding tricresol volume of the antifluid is looked upon as 1 c.c. One drop of 

mhtiirp i ® calibrated pipette, added to 0'14 c.c. of ether = 1 in 8 of tricreso!. A drop of the 

e added to 1 o.e. of the antifiuid gives the desired 1 in 400 (8 X 60) or 0‘26 per cent. 
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4. Sera not conforming to the standard. 

It so happened that the first two lots of sera we collected yielded antiflaids of 
good potency and specificity when treated according to the procedure described 
above. Later, we found that there Avere other lots of sera which behaved differently. 
Amongst anti-OM sera, some had a titre loAver than 1/25 for 0 and yielded weak 
anti-M fluids ; they were of course useless ; others had a low titre for 0 but yielded a 
satisfactory anti-M fluid. Amongst anti-ON sera some had a low titre for 0 and 
yielded an inert fluid against N ; others had a high titre for 0 yet yielded an equally 
inert fluid against N. Some animals bled by cardio puncture yielded satisfactory 
anti-OM and anti-ON sera and satisfactory anti-M and anti-N fluids ; a month later 
it was found that a single intxaperitoneal injection raised the titre against 0 to almost 
the original level yet the antifluids obtained were worthless. The preparation of 
the antifluids, therefore, involves considerable rejection and selection and is not 
as easy as the preparation of a ha?molytic amboceptor or an agglutinating anti- 
bacterial serum. We have not, howmver, found it ‘ notoriously difficult ’ (Thomas, 
1938} ; and we have not exhausted all devices yet. 

We have called the unabsorbed products antisera and the finished products 
antifluids. This seems to be a fairly well accepted nomenclature and should he 
adopted even if it is disregarded in the writings of some workers. 

5. StabiliUj of the antifliiids. 

Our antifluids have been kept in the cold for several w^eeks (until exhausted) 
without deterioration. One lot rvas left at room temperature also for 10 days 
(1st to 10th October, the average maximum temperature 87°F.) and showed no 
deterioration. 

The antisera are known to be very stable. 


III. Findings in 300 bloods from Indian cases in hospitals in 

Calcutta. 

The following table gives the group and the type of 300 Indians, in Calcutta 
hospitals, taken serially •. — 


i 

1 

1 

Types. 


Groups. j 

M 

N 

! 

JIN 

Per 

i Per 

Per 

Per 

cent 

cent 

cent 

cent 

0 80 (26-7) 

33 (41-2) 

10 (12-5) 

37 (46-2) 

A 80 (26-7) 

, 31 (38-7) 

11 (13-7) 

38 (47-S) 

B 113 (37-7) 

51 (45T) 

11 ( 9-7) 

51 (45-1) 

AB 27 ( 9 ) 

^ 13 {48-1) 

0 

1 

14 (SIS) 

Totals 300 

j 128 (42-7) 

32 (10-7) 

i 140 (46-7) 

1 
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The followiiiji stiULstical tests have been applied to the data by Dr. E. B. Lai, 
Professor of Vital Statistics and Ollieiating ilirector, the All-India Institute of 
Hygiene and Public Health, Calcutta : — 

(i) lie. (jroups . — If p, q, and r represent the proportional frequencies of the 
genes A, B, and R respectively, then according to the theory the values of p. q, and 
r may be derived with the help of the following relations : — 

Phenotype. Proportional frequencies. 

0 r-: 

A p" -f- 2pr 

B q- 2qr 

AH 2pq 

which give rise to equations 

P = 1 — Vb + It 
q^ I ~ VoI’a 
— Vo. 

The following values are obtained from the data : — 
p = 0-1979 
q = 0-2(597 
r = 0-51(51. 

These give p -{-q r = 0-9810. 

According to the theory of Bernstein, p q + r must equal unity. We have, 
therefore, to see whether or not the difference between 1 and 0-9810 is statistically 
significant. The formula of standard error of this difference has been given by 
Bernstein as : — 


j/ pq which gives O'Ol 19 

' 2 N {1 — p) {1 ~ q) K is the total frequency. 

The difference divided by this standard error of the difference is 1-34. 

In this case, therefore, the recorded values do not differ from those expected 
on the theory. 

iji) Re. types . — If a, b, and c represent respectively the observed number of 
individuals of types M, MN, and N and T is the total number of observations, then 

a = 128, 
b = 140, 

C=:32, 

T = 300. 

In order to test the hypothesis of Landsteiner and Levine we calculate, on this 
hypothesis, the expected frequencies corresponding to a, b, and c. With the 



1050 


On M and N in Blood Groups. 


help of the method of maximum JiJcelihood it is seen that if Oo, bo, and Co 
denote respectively the corresponding expected frequencies, then 

= {2a + 6)V-1T = 130-68 

= (2a + b) (2c + b)/2T = 134-64 

= (2c + b}^/4T = 34-68. 


We have now to test whether or not tlie dill’erences between the expected and 
the observed frequencies fall within the range of errors of sampling. For this 
purpose the value of x' has been calculated from the foimula ; — 


0 

X — 


(ft 


■ ft )'" 
o' 


+ 




Ij )- 
o' 


+ 


(c 




0-475. 


This value shows that the recorded values of a, b, and c do not differ to any 
significant extent from the corresponding values expected from the theory. 


Additional observations on the series are : — 

(i) In type LIN, M equalled N only in ABMN on eight occasions. Otherwise 
M was stronger than hi. N rvas never stronger than M. 

(n) Both M and N were stronger when alone than when together. 

(in) On seven occasions M w'as rather weak ; twice in OM, twdce in AM and 
thrice in BM. 

(iv) On one occasion only was N rather weak, in a BM. 

(v) An ABN was not found in the series. 

It has been stated by other workers that the type does not change with 
the morbid states. Our hospital cases, therefore, are representative of the mixed 
Indian population of Calcutta. 

Fifty bloods from European cases in hospitals in Calcutta w'ere also grouped 
and typed, more wdth a view to testing our antifluids than confirming known 
findings. Our findings are : — 


Groups. 

Types. 

M 

N 

MN 

0 19 .. 

6 

3 

10 

A 19 .. 

6 

3 i 

10 

I 

Bll .. 

3 

1 

3 i 

1 5 

1 

AB 1 .. 

0 

» I 

1 

Toxals 50 .. 

15 

1 » i 

1 

26 
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Additional observations ou the small scries are ; — 

(i) In type MX, M etpialled X on two oci-asions (AMX and ARi\lN). Only 

on one occasion nas X stronger than M. Otherwise M was always 
stronger than X. 

(ii) Both JI and X were stronger when alone than when together. 

{Ui) A weak M n'as not found. 

{iv) A rather weak X" was foinul on three occasions, once in OX, once in Oi\IX 
and once in AMX'. 

(a) An ABX' Avas not found. 

The following is a comparison : — 


l''ui;(3in;.NTiKs or types 


.Author. 

I’oiml.ition. 

AiiiiiDer 

Icatt'i!. ‘ 

■Af 

X 

.AtX 

Landsteiiier and Levine* . . , 

•Yi 10 York. 

1 

1 




i 

Wliitcs 

532 ' 

20- 1 

20-3 

53-6 (± 1-50) 


Coloured 

181 

27-0 

21-9 

47‘5 


American Indiana. ' 

1 

(•■) 81 

02-9 

1 

j 

i 

i 3-7 

33-3 

j 

i 

(ii) 121 

1 

58-0 

5'6 

36-3 

Schill* , , , _ 1 

Germana 

3,333 

30'9 

19'6 

49-4 

Creme* . . . . ' 

Germans 

1,300 1 

32-5 

18-6 

49-0 

Kossovitch* ' 

” 1 

French . . 1 

1 

400 

1 

33-0 

21-2 

45-8 

Harley {loc. cit.) . . | 

Enyliah 

200 

32-5 

19-6 

48-.6 

Boyd and Boyd (1938) . . 

Rwala Bedicin 

208 

: 57’3 

5-8 

36-7 

Present writers 

Calcutta. 






Indians 

300 

42-7 

10-7 

46-7 


1 European.') 

60 

30-0 

18-0 

62-0 


* Quoted from Wiener (toe. cit., page 133). Only one figure after the decimal taken. 


IV. Associated considerations. 

1 - Forensic a'p'plicalion of the types M, N, and MN. 

Tavo laAV's of the inheritance of the types have been established : — 

(i) The agglutinogens M and N cannot appear in the blood of a child unless 
present in the blood of one or both parents. 
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{ii) A type IM parent cannot have a type N child and a type N parent cannot 
have a type M child. 

The following table gives the possible and the impossible children : — 


Parents. 

Children poasihic. 

Children in>p03sibJe. 

M X M 

M .. 


1 

1 

* ' 1 

JIN 

N 

M X MN .. 

M AtN 

1 



N 

M X N 

JIN 

. • 

i 

- - 

N 

MN X lUN 1 

M JIN 1 

N 


— 

— 

MN X N 

. . ' JIN 

N 

Jt 

1 ; 

. • 

N X N 

1 

N 

1 

JI 

MN 1 

1 1 

1 


As has been stated before, for forensic pni'poses the group is determined before 
the type. 

The genetic basis of the laws is the fact that the factors M and N are both 
dominant. The genotypes of the phenotypes M, MN, and N are MM, MN anclNN. 
For further information reference may be made to Wiener (/oc. cUp One of us 
intends to deal with this question in another communication of essentially forensic 
interest, later. 


2. M and N in transfusion of blood. 

It is known that certain donors of blood are better suited for a recipient than 
others (Snyder, 1929). Are they of the same type as the recipient? Should not 
the compatibility of both group and type be an important consideration in serious 
morbid states (like severe anremias, toxaemias and bacterimmias) in which a reaction 
is to be feared ? 


It is also known that the blood of certain donors causes accidents during a 
second transfusion. Is the type of the donor in these cases different frorn that o 
the recipient, and are the accidents due to a hEemagglutinin produced in t e 
recipients after the first transfusion, against the r.b.c. of a different type . 

Again, it is also known that certain donors though of the same group as th^e 
recipient are found incompatible on direct matching of bloods. Is this incompa ^ 
ibility caused by a naturally occurring anti-M hmmagglutinin (iso-hsemagglutininj • 
Such an occurrence is known. 


3. Non-specific absorption of anti-N substance by OM cells. 

Such an absorption definitely occurs. . It is possible to remove all anti N 
substance by repeated absorption with OM cells. 

All the known non-specific reactions between anti-bodies and 
products are either franldy heterologous or are group reactions, do 
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two categories is the absorjition of anti-N siilistniico by OJI r.b.c. to be assigned 1 
51 and N are loo close togellier in the scheme of tilings to be heterologous ; j et there 
is no group reaction between them in as much a.-, anti-M substance does not appear 
to be absorbed by ON r.b.e. 

Do mutations apjiear as new characters arising in the course of variation (as 
has been held for some time) or do they result from excessive development'^ ol' 
alrcadv present potentialities, concurrently with the disappearance of certain other 
characters (as has been lately thought — Zoogenesis) ? Is N a new' ciiaracter or is it 
merely an excessive developincnl of a potentiality already existing in 51 ? Innnnnol- 
ogically it ajipcars to be contained in 51 but 51 docs not ajijiear to be contained in 
it. Similar .sjicculation is jio.-^silile regarding 0, A-, and A. Such speculations 
are. perhaps, the j)rerogativc of the biologi.st whose routine keeps him well within 
100 per cent biology. 'I'hc immtmologi.st's interest lies in studying reactions which 
will give him an insight into the antigenic stnicture of the ha magglutinogens under 
discussion. Their antigenic activity is of two distinct orders. The antigenic struc- 
ture may, of course, not be indicative of an evolutionary process. 

4. .11 (i)id A’ ill anUirojiohxjy and (jouik's. 

Like the statesmen of a certain period in history, who strove for peace and war 
at-the same time, the anthrojrologists declare against the utility of blood groups in 
ethnology and yet are grouping the peoples of tlic earth as assiduously as ever. 
To the groups now have been added the types. The latter appear to show even a 
wider range in variation than did the groups, in the obviously distinct ethnic or 
geographical groups so far studied, and should he more useful. 

The wider range in variation .sliould also be more useful to the investigators in 
genetics. Some of them think that they have caught genes in the actual process 
of mutation, on certain soils which are virgin with respect to their activities. So 
far as the types go the whole world is as yet virgin soil and the mutating genes 
should be caught by tlie hundred tliou.sand, 5Vc liave, however, our doubts. In 
explaining unexpected findings we arc moie inclined to search for a fault in the tech- 
nique than to consider possibilities arrived at tbrougb mathematical obfuscations. 
Incidentally, the life of an r.b.c. given by one such obfuscation, once upon a time, 
was of the order of 30 to 10 days (Evans, 1025) ; now the life of a transfused corpuscle 
of the same group but not of the same type as the recipient’s red blood cells, detect- 
ed by immunological means, extends over ICO days (Levine, 1935). It is reasonable 
to presume that when the donor and the recipient belong to the same group and the 
same type the life of the corpuscle is prolonged still further. The life of a subject’s 
own r.b.c. must he several months. 


Summary. 

I- A macroscopic technique of typing blood has been described. Eesults 
Me read in 5 to 15 minutes, although observation is possible and is recommended 
for 30 minutes. 

^ rnethod of preparing the anti-51 and anti-N fluid has been described. It 
IS an absorption method, needs strict sterility at certaiir stages and accurate 
Measurements, but is not particularly arduous. 
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3. Finclii)gs in 300 Indians in Calcutta are given : M 42-7 per cent, N 10'7 per 
cent, and MN 46 •? per cent. Findings in a small series of Europeans in Calcutta 
and figures from other workers are also given for comparison. 

4. Remarks have been made on four associated considerations which are: 
(i) Forensic application of the types hi, N, aird i\lN ; (u) hi and N in transfusion of 
blood ; (m) non-specific absorption of anti-N substance by OhJ cells ; and (iu) M and 
N anthropology and genetics. 
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rats, 447 ; metabolism, 447. 

PHYSICO-CHEMICAL changes in a therapeutic 
'serum, 741. 

PHYSIQUE survey- in Assam, rural Bengal, 
and Calcutta, 131. 

PITUITARY extracts, anterior, effect of, on 
liver-fat of rabbits, 295. 

PLANT tissues, pyrophosphate in determina- 
tion of vitamin-C content of, 165. 

POLARIZED LIGHT, myelin degeneration in, 
103. 

POLLUTION, see coli-oerogenes. 

POLYSACCHARIDES of vibrios, 41. 
POSITIVE SERUM, 393. 

POTENTIALS, see oxidation-reduction. 

POX, see sheep-pox. 

PREGNANT, see anmmia, coolie women. 

PREPARATION, of bacteriophage, papain- 
casein culture medium for, 379 ; inorganic, 
of Indian indigenous medicine, 485. 

PREVENTION, see gas gangrene. 

PROTEASE of cobra venom, 487. 

PROTEINS : extraction and chemical analysis 
of, 191 ; of foodstuffs, relative value m nutri- 
tion, 107, 113 ; of pulse, supplementary effect 
of fish on, 177; non -protein nitrogenous 
constituents of blood, 675; of ragi, pulses 
and skimmed milk powder, supplementar} 
values of, by N-balance and growth methotls, 
107 ; of ruhee and hilsa, biological value oi, 
177. 

PULSES, ‘ available ’ carbohydrate and acid- 
hase balance in, 637. See also proteins. 

PUNJAB, see Ferozepore. 

PYROPHOSPHATE in determination ot 
vitainin-C content of plant and aiuma 
tissues, 165. 

QUANTITATIVE STUDIES on biology of 
X cheopis, 505. 

RABBITS, effects of anterior pituitary extracts 
and choline on liver-fat of, 2do. 
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UABIES virus, cultivation of, on cliorio-allan- j 
toio membrano of developing egg, -lOd. 

RAGI, sec A’fciisiiic coracami, proteins. 

RAMON’S FLOCCUL.VTION TEST in standard- ^ 
ization of tetanus antito.xin, ^ lo. , 

RATS, assimilation of earoteno by, from a ‘ poor i 
Jfadrassi diet ’, influenco of skimmed milk 
and calcium lactate on, 441 ; cilecfc iti, of 
suiiplementing a S. Indian diet with Ca ami 
P, 9.>. 

REACTION, see. Wasscrmann. 

REDUCTION, see o.vidation. 

RELATIVE VALUE, see proteins. 

ROHITA, see ruhee. 

RUHEE {Labco rohiln), biological value of 
proteins of, 177 ; extraction and clieiuical 
analysis of proteins of, 191 ; vitamin-A 
contents of liver and body oils of, 197. 

RURAL, see Bengal. 

ROSSELLH, RUSSELL’S ATPER, see Vipera 
rmsellU. 


8AMUDRA PHKXA, 483. 

SANDFLIES (Phkholomus) from Ceylon, Siam, 
and Malay, ilOl ; viru.s of sandfly fever in 
culture, 229. ' 

SEITZ FILTRATION, ctlcct of, on h;umolysin.s, 
303. 

SELECTION, see anti-Wclchii .scrum. 

SEROLOGY of polysaccharides of vibrio.s, 41. 

SERUM : anti-IVelehii, selection of most satis- 
factory type of, for gas gangrene, 401 ; 
-globulin and its antibody, adsorption of H- 
ions by, 4G9 ; therapeutic, physico-chemical 
changes in, due to concentration and their 
effect on its absorption, 741 ; IVassermann 
positive, 393. 

SHEEP-POX virus, cultivation of, on chorio- 
allantoic membrane of chick embryo, 497. 

SIAM, sandflies from, 261. 

SIPHONAPTERA, see Xeiiopsijlla cheopis. 

SKIMMED MILK, influence of, on assimila- 

. tion of carotene by rats, 441. See also 
proteins. 

SKIMMIA LAVREOLA, Hook, F., chemistry 
and pharmacology of leaves of, 481. 

SNAKE, see venom. 

SOUTH INDIA, SOUTH INDIAN, see India, 
Indian. 

STAINING technique, iron-hoematoxylin, 239. 

STANDARDIZATION, see tetanus antitoxin. 

STRAINS, see vibrio- 

STREPTOCOCCAL infections, chemotherapy of, 
o37, 

supplementary values, see proteins, Ca, 
and P. 


SURVEY : diet, of families with loprosy, 897, 
of 31 families of Ferozepore, 155, in Najaf- 
garh, 907, in Nilgiris, 901 ; diet and physique, 
in Assam, rural Bengal, and Calcutta, 131. 

SYMPTOMS, sec opium addiction. 

TEA-GARDEN, TEA-EST'ATES, see anaimia. 

TECHNIQUE of eomplemcnt-fixation in leprosy 
with W. K. K. antigen, 843 ; of iron-h.-ema- 
toxylin staining, 250 ; of M. R. and V. P. 
tests, SS5 ; of typing Jt and N in blood groups , 
1011. 

TEMPERATURE, basal metabolism of subjects 
under varying conditions of, 205. 

TETANUS, antitoxin, immunization of horses 
for production of high-titre, 317 ; non-specific 
substances in production of, 311 ; Ramon’s 
liocfulation test in standardization of, 345 ; 
toxin-broth, effect of tryptic digestion on 
toxicity and antigenicity of, 889. 

TETRACHLORETHYLENE in treatment of 
hookworm disease, 759. 

THERAPEUTIC, see serum. 

TISSUES, lead in human, 935 ; vitamin-C 
content of plant .and animal, 163. 

TOXIC doses of vitamin D, effect of, on ash, 
Ca, and P content of bones of albino rats, 447. 
TOXICITY of tetanus toxin-broth, effect of 
tryptic digestion on, 889 ; of tetrachlorethy- 
Icne in treatment of hookworm disease, 759. 

TOXIN, see diphtlieria, tetanus antitoxin. 

TRAVANCORE, diet survey in. 901. 

TREATMENT, of ainemia in pregnant tea- 
garden coolie uomen, 541 ; of gas gangrene in 
man, anti-Welchii serum in, 401 ; glucose in, 
of abstinence symptoms in opium addiction, 
699 ; of hookworm disease, tetrachlorethylene 
in, 759. 

TYPING, see technique. 


. ULCER, sec i^eptic ulcer. 

URINARY COMPOSITION of epidemic-dropsy 
patients, 463 ; of normal Bengalee subjects, 
459. 

I 

I VARIABILITY, see vibrio strains. 

VARIANCE, see mortality rates. 

VARIATION, see iron, vibrios. 

VEGETABLE foods, vitamin-A activity of some, 
435. 

VENOM : biochemical characteristics of snake, 
241 ; isolation of active principles from, of 
£. fascialus and V. russellii, 753 ; lipolytic 
j activity of cobra and Russell’s viper, 249 ; 
protease in cobra, 487. 

I VIBRIO OHOLERjB : differential isolation of, 
I 851 ; oxidation-reduction potentials of, 625. 
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VIBRIO STRAINS, electroplioresis and meta- 
bolism of, in relation to variability and 
chemical classification, 320. 

VIBRIOS : haiinolysis of, Gil ; incidence and 
characters of, in waters in N. India, 1 ; in 
natural water sources in Assam, 39 ; from 
non-human sources in Calcutta, distribution 
and characteristics of, 33 ; polysaccharides of, 
41 ; variation of, in house-fly, 597. 

VIPER, see Vipera russellii. 

VI PEE A RUSSELLII, isolation of active 
principles from venom of, 753 ; lipol 3 'tic 
activity of venom of, 249. 

VIRUS, see rabies, sheep-pox, sandflj' fever. 

VITAMIN A : activity of fish oils and vege- 
table foods, 435 ; contents of liver and body 
oils of ruhee and hilsa, 197. 

VITAiffN G: content of pfant and animat 
tissues, pyrophosphate in • determination of, 
1G5 ; and peptic ulcer, 171. 


VITAMIN D : effect of toxic noses ot, on ash, 
Ca, and P content of bones of albino rats, 
447. 

VOGES-PROSKAUER test in bacteriological 
analysis of water, 885. 

WASSERM^USTN REACTION, 393. 

WATER : bacteriological analj'sis of, coU-dro- 
genes inde.x of pollution in, 867, technique of 
M. R. and V. P.- tests in, 885 ; longevity of 
conform organisms in, under natural condi- 
tions, 877 ; vibrios in, in N. India, 1, in natural 
sources of, in Assam, 39. 

WELCHII, see. anti-Welchii serum. 

W. K. K. (Witebsky, Klingenstein and Kuhn) 
antigen, complement-fixation in leprosy and 
other diseases by, 833, 843. 

XENOPSYLLA GIIEOPIS. quantitative 
studies on biology of, 505. 




